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Abstract: The Kangal Phyllite–Slate Formation forms the basement rocks in Kangal–Çetinkaya–Alacahan–Divriği (Sivas). These late
Paleozoic phyllite-slate associations occupy a large area, possibly composed of Early Paleozoic sediments in its lower part. The lower
levels (Bakırtepe Metaquartzite Member; 0–500 m) and uppermost levels comprise the Düzce Recrystallized Limestone Member (0–25
m). The lower boundary is invisible and the upper boundary is unconformably overlain by the Kıratgediği Limestone (late Jurassic–
early Cretaceous). The studied brachiopod fauna, about 400 specimens, was collected from the 150-m-thick uppermost part of the
greenschist sequences in the Kulluk Hill area, Elkondu village, 25 km east of Kangal. Some bryozoans, corals, trilobites, and crinoids
were also retrieved. Five fossiliferous levels belonging to the lower, middle, and upper Devonian, and the lower Carboniferous stages
were assigned as follows: (1) Pragian–Emsian; (2) Eifelian–Givetian; (3) Fransian–Famennian–Etroeungtian (Strunian); the Devonian–
Carboniferus boundary; (4) lower Carboniferus: Tournaisian and Viséan stages, based on the brachiopods; and (5) upper Permian:
from Roadian to Capitanian stages, based on the foraminifera and algae in the Düzce recrystallized limestone. This level indicates a
sedimentary interruption. All of these fossils and fossiliferous beds were correlated with the type localities and related beds. The Kangal
brachiopods are similar to those of Şafaktepe, the Gümüşali Formations (middle and upper Devonian), and the Ziyarettepe Formation
(lower Carboniferous) of the eastern Taurides. The brachiopod community is closely affiliated with the Mediterranean, northwest
European Faunal Provinces, part of the Transcaucasian Region, and microfossils of the Düzce recrystallized limestone belonging to the
Tethyan Region. Brachiopod fauna and lithologic characteristics of the formation suggest that the upper (150 m) greenschist sequences
were deposited in an open shelf environment under warm sea conditions in the Late Paleozoic era.
Key words: Greenschist, Devonian–Carboniferous, Brachiopoda, biostratigraphy, Sivas, Turkey

1. Introduction
The investigated area lies between Alacahan, Kangal,
Çetinkaya, and Divriği, south of the city of Sivas in
Central Anatolia. The area belongs to the Eastern Taurus
Belt (formerly Antitaurus), one of the tectonic units of
Turkey. This study reports the stratigraphy, fossils, and
age of the oldest low-grade metamorphic sediments in the
Kangal Phyllite–Slate Formation (greenschist), previously
recorded as the Kangal Formation. These basement rocks
(thickness >1000 m) occupy a large area of the study area
and were formerly shown to date from the Carboniferous
to Triassic ages. These basement rocks have been studied
by several geologists, but no fossils or fossiliferous levels
have been recorded since 1867 (Figure 1).
The Taurus Mountains, first assigned as the Anatolide
Range by Arni (1939), were accepted as part of the
Taurus Belt by Ketin (1959, 1966) and by Egeran (1947).
* Professor emeritus
** Correspondence: cazibesayar@gmail.com

Şengör and Yılmaz (1981) termed this area the Tauride–
Anatolide Platform. Öztürk (1991) recorded the region
in the Eastern Taurus Belt, and named the oldest rocks
the Hornovil Metamorphites. Gültekin (1993) and Sayar
and Gültekin (1993, 1995) referred to the metamorphic
rocks around the Kangal area as the Kangal Shale or
Kangal Formation, and dated them from the Devonian
to Lower Carboniferous. The dating was based on the
assigned rich brachiopod genera and species observed in
a large area of low metamorphic rocks (greenschist facies),
approximately 20–25 km east of the Kangal District, Sivas.
Highly deformed metamorphic shelly fossils, dominantly
brachiopods, were collected for the first time from the
Fossil Locality, Kulluk Hill, near Elkondu Village, during
the field work by Gültekin (1993).
The study area was first investigated by Tchihatcheff
(1867), who dated the unfossiliferous limestone and
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Figure 1. Location map of the study area (Sivas, Turkey).

chlorite-schists in the northern Sivas area as Paleozoic,
and named this section the “Transition Zone”. He also
correlated the Tecer Limestone in the Yılanlı and Gürün
areas with the fossiliferous Devonian rocks of İstanbul
(Bosphorus), and with several parts of the Taurus
Mountains.
Blumenthal (1937, 1938) observed that the low-grade
metamorphic rocks have lost their sedimentary features
around the Kangal area. He also recorded quartzite
interbeds in the lower part and black schist in the upper
part. The latter contains purple shale interbeds, some
corals, and bryozoan fragments in the higher levels dating
from the Rhaetian age (Uppermost Triassic) (1938, pp.
38-40). In 1945, Ünsalaner (Kırağlı) described the fossils
Spirifer verneuili (a brachiopoda), and Favosites reticulata
and Disphyllum caespitosum (corals), and assigned them
to the Upper Devonian period. These fossils were collected
from the İkizdere area between the Alaylıdağ and Beydağ
chains in the eastern Taurus. Abdüsselamoğlu (1959)
collected Upper Devonian brachiopods from the Saimbeyli
area, Viséan-Lower Namurian brachiopods from the
Bakırdağ area, and Middle-Upper Permian fossils from the
limestone in the higher levels of the Paleozoic successions.
Baykal (1966) showed that Paleozoic rocks constitute the
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metamorphic series on the geological map of Sivas (scale:
1/500,000). He recorded that the typical sericite-schist,
chlorite-schist, and phyllites with marble lenses, which
are exposed in the Akçaşehir and Kangal areas, belong
to the epizone of regional metamorphism. The shale and
unfossiliferous blue limestone in these metamorphic series
are Paleozoic and overbedded by Mesozoic sediments. In
the Tufanbeyli (Mağara) area (Adana) (eastern Taurides),
the continuously sedimented sequences have been
designated as Lower Devonian to Carboniferous age. They
are unconformably overlaid by the Yığılıtepe Formation,
and contain Neoschwagerina, Parafusulina (Foraminifer),
and Mizzia velebitana (algae), respectively, inferring Lower,
Middle, and Upper Permian age (Özgül et al., 1972, 1973).
Altıner (1981) and Zaninetti et al. (1981) assigned the age
and biostratigraphy of the Upper Paleozoic limestones
in the eastern Taurus as Carboniferous-to-Permian
successions and the Permian–Triassic boundary. Öztürk
(1991) termed the quartzites and phyllites in the Divriği
area as “Hornovil Metamorphites” and dated them to the
Triassic period. Gültekin (1993) and Sayar and Gültekin
(1993, 1995, 2005) named the phyllite–slate associations,
which contain metaquartzite interbeds at the lower levels
and crystallized limestone interbeds in the uppermost
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section, the Kangal Shale or Kangal Formation. Herein,
these associations are referred to as the Kangal Phyllite–
Slate Formation. According to the determined brachiopod
fossils, the highest 150 m of the successions of these
low metamorphic basement rocks (greenschist facies)
were sedimented during the Devonian–Permian period.
Approximately 400 specimens were newly collected
and registered from the Kulluk Hill Fossil Locality near
Elkondu Village, including some microfossils (Upp.
Permian) from the Düzce Recrystallized Limestone in the
village of Düzce (Kangal, Sivas).
2. Geology and stratigraphy of the study area
2.1. Kangal Phyllite–Slate Formation
As the Kangal Formation is mainly composed of phyllite
slate successions, these rocks are herein named the
Kangal Phyllite–Slate Formation. These oldest low grade
metamorphic basement rocks (>1000 m) occupy a large
area in the Kangal–Alacahan–Çetinkaya–Divriği districts
of Sivas Province. They mostly contain coarse and
medium-to-fine grained arenaceous and clayey rocks in
the lower part and some carbonate interbeds towards the
upper parts. These rocks have good schistosity, and are
colored beige to light brown, purple to greenish, and darkgray to black. Their outcrops extend from NE to SW in the
Alacahan–Kangal–Divriği–Çetinkaya region (sheet J39–
d2 and part of J39–d1) on the map of Divriği, Sivas; scale
1/25,000). The type locality, namely, the Fossil Locality
or Kulluk Hill near Elkondu village, is a small place and
so the greenschist formation (the Kangal Phyllite–Slate
Formation) is popularly named after Kangal, a famous
town in the region (Figures 1 and 2).
The oldest lithostratigraphic unit (basement rocks) in
the region, the Kangal Phyllite–Slate Formation, occupies
a large area approximately 60–70 km SE of the city of Sivas.
The lower boundary is not seen in the area, but the upper
boundary is stratigraphic and tectonic. The oldest Kangal
phyllite–slate sequences are very thick and unconformably
overlain by the Kıratgediği Formation, recrystallized
dolomitic limestone dating from the Late Jurassic–Early
Cretaceous (Gültekin, 1993). These unconformities are
normal stratigraphic boundaries in some localities, but in
other areas the upper boundary is faulted and overthrusted
by strong tectonic deformations. The younger sediments
in the area comprise the formations unconformably
covered, such as the Miocene-aged Alacahan Formation at
the southern extension, and the youngest rocks, Plioceneaged Yamadağ Volcanics. These formations are seen in the
northeastern and eastern extensions around the villages of
Davutoğlu, Elkondu, and Davaryatağı (Figure 2).
The Type Locality of the formation is Kulluk Hill and
its surrounding area, which lies 1.5 km north of Elkondu
village, 3–3.5 km south of Davutoğlu village, and 20–25
km east of Kangal (Divriği sheet J39–d2–89900–41650,

map scale 1/25,000). The lithostratigraphic sections of the
formation were laid down in Düzce, Elkondu, and Eğricek,
about 20–25 km east of the Kangal District, Sivas (Figures
3–5).
The Kangal Formation, mainly composed of serisitic
phyllite–slate rocks, has good schistosity, and is colored
beige, brownish to greenish-gray, and dark-gray to black.
In thin sections, the perfect cleavage surfaces and fine
schistosities are mostly developed along the micaceous
and clayey-ferrigeneous levels (Figure 3). These low-grade
metamorphic rocks were affected by temperatures of
250–350 °C at depths of 8–10 km under oriented tectonic
pressure. Advanced diagenesis of sediments is suspected
(Profs FY Oktay and RH Eren, 1994, İTÜ; personal
communication). However, the Kangal Formation is
lithologically equivalent to the quartz–albit–muscovite–
chlorite subfacies, the lowest level of the Greenschist Facies
(Gültekin, 1993). This indicates regional metamorphism at
depths of 8–10 km by heating at 250–350 °C (the so-called
Borrowian type metamorphism) (Turner, 1968).
2.2. Members of the Kangal Phyllite–Slate Formation
The lower and upper part of the thick successions (>1000
m) of phyllite–slate rocks is structured as follows:
a. Bakırtepe Metaquartzite Member, mostly in the lower
levels of formation.
b. Düzce Recrysyallized Limestone Member in the
uppermost levels.
(Presenting as lenticular interbeds through the sequences,
their tectonic blocks affected by strong deformation are
observed in some places).
2.2a. Bakırtepe Metaquartzite Member
This member is composed of lenticular interbeds of
metaquartzite and metasubarkose, especially in the lower
levels of the phyllite–slate successions. The interbeds
sporadically differ in size and thickness, with intertonging
boundaries and lateral–vertical transitions. The
Metaquartzite Member is nearly 300 m at the type locality,
it tectonically contacts with Kulluk Hill and Bakır Hill
(Bakırtepe). The total thickness (including the Karadağ
Hill and Kulluk Hill outcrops) exceeds 500 m. In the NE–
SW direction of the mapped area, the Bakırtepe Member
shows a distinctive scene with its hardness and rigidity
character. (Figure 4, Geol. Sect. 1a). The type locality of the
Bakırtepe Metaquartzite Member is the Bakır Hill (1911
m) area, approximately 5 km (as the crow flies) south
of Davutoğlu village and Karadağ Hill (1745 m), 2.5–3
km north of Düzce village, (Divriği sheet J39–d2, scale
1/25,000) (Figures 2 and 4).
Bakırtepe metaquartzite beds range from thin to
thick, are highly fractured, and colored white, beige,
yellow, pinkish, purple, dark-gray to black, and reddish
(in parts containing iron-oxide). Schistosity arises
from micaceous–sericitic planes. Thin sections reveal
abundant quartz, some plagioclase, microline, muscovite,
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Figure 2. Geological map of the Kangal Phyllite–Slate Formation. Subunits, stratigraphic and
tectonic boundaries (F - Fossil Locality: Kulluk Hill (Type Locality). A–A’; B–B’: Directions of
sections, (Gültekin, 1993; additions by Sayar).

sericite, tourmaline, rutil, and opaque minerals. Among
these minerals, chlorite and some quartz crystals are
metamorphic in origin, whereas others are derived from
the source rocks. No characteristic fossils or fossiliferous
levels have yet been observed.
2.2b. Düzce Recrystallized Limestone Member
The Düzce Recrystallized Limestone Member appears as
lensitic interbeds (0–25 m) in the highest successions of
the upper part of the Kangal Phyllite–Slate Formation. The
member shows a gradual lateral and vertical transition.

4

Below this level, the phyllite–slate successions contain
Lower Carboniferous-aged purple bryozoan schist and
black phyllite–calkschist interbeds (Fossil Level 4). The
Düzce Recrystallized Limestone Member is unconformably
overbedded by Kıratgediği Limestone near Kıratgediği
Hill (1880 m) (U. Jurassic–L. Cretaceous.) (Figure 6).
Good outcrops and sections of the Düzce Recrystallized
Limestone Member are exposed in the eastern area of
Düzce village, the southeast slope of Karadağ Hill, and
northeast of Kulluk Hill. The type locality is the most
distinctive stratigraphic section observed east of Düzce
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Figure 3. Kangal Phylitte–Slate Formation: Greenschist (KPh–Sl) with fine schistosity.
Kalkım River Valley, eastern area of the Kangal district (Gültekin, 1993).

Figure 4. B–B’ Schematic geologic section of the Kulluk Hill area; Fossil: Fossil Finding Locality (1: Kangal
Phyllite–Slate Fm.; 1a: Bakırtepe Metaquartzite Member; 2: Kıratgediği Limestone Fm.; 3: Yamadağ Volcanics; 4:
Listvenite: Member).

Figure 5. A-A’ Schematic geologic section, upper stratigraphic boundary (1: Kangal Phyllite–Slate Fm.; 1b: Düzce Recrystallized
Limestone Memb.; 2: Höcükler Limestone (Alacahan Fm: Miocene)).
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village, from which the name is derived. Divriği sheet J39–
d2, 33–34; 83–84 (scale 1/25,000) of the topographic map
of Turkey (Figures 2, 5, and 6).
The Düzce Recrystallized Limestone is mediumto-thick bedded and colored cream, beige, and darkgray to black. The limestone is characterized by rocks,
schistosity, and gradual lateral and vertical transitions
from bottom to top in parts folded of the Kangal Phyllite–
Slate Formation. At the beginning, the lower parts of the
lensitic limestone mass vertically change from schist to
limestone with lamellar alternations. Next, calkphyllite
levels with thin limestone lenses (10–30 cm thick)
are observed. The lower parts of the limestone beds
are mostly arenaceous, dominated by calcite crystals
and partly dolomite, whereas the upper parts are highly
calcitic. According to its lithologic features, the rock can
be named as biomicrite or packstone (Prof FY Oktay,
İTÜ, personal communication). The unit contains
Hemirgordius sp., Lunucammina cf. postcarbonica (Spandel
1901); Globivalvulina cf. graeca (Reichel 1946), Staffella
sp.; Agathammina cf. pusilla (Geinitz, 1848) (foram.),
Pseudovermiporella nipponica (Endo, 1954) (algae). Based
on these taxa, the Düzce Recrystallized Limestone Member
dates from the Upper Permian: Roadian–Capitanian
(Murghabian to Djulphian) period (Fossil Level 5). The
microfossil specimens were identified from thin sections
by Prof D Altıner (1993) (Figures 5 and 10).
3. Materials and methods
The geologic mapping was carried out in 1988–1992, while
Ali Seydi Gültekin was a doctoral candidate. The thesis
was supervised first by Prof Mehmet Akartuna and then
by Prof Simav Bargu, in the Department of Geological
Engineering of the Engineering Faculty of İstanbul
University. Sayar and Gültekin then studied the area and
collected more fossil materials from the same locality, the
Kulluk Hill, Fossil Finding Locality, in 1995. From 1991
to 1997, Sayar conducted paleontological and stratigraphic
studies and determined approximately 400 low-

Figure 6. Düzce Recrystallized Limestone Member (Drlm)
(Upper Permian), lensitic interbeds in the highest level of the
Kangal Phyllite–Slate Formation, east of Düzce–Karadağ Hill
(Gültekin, 1993).
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metamorphic fossil specimens, mostly brachiopods (95%),
collected from Kulluk Hill. The systematics of the Paleozoic
brachiopod fossils of the Kangal area have been adapted
by the “Treatise on Invertebrate Paleontology Kaesler,
Editor = H (Brachiopod Revised), Vols. 1–6 (1997–2007).”
Sayar prepared systematic descriptions, photographs, and
ammonium-coated rephoto preparations between 2013
and 2017 (Figure 1).
The fossil materials of the Kangal Phyllite–Slate
(Kangal Brachiopods: KB) have been personally registered
and coded “İ.T.Ü.KB.1” through “İ.T.Ü.KB.35.” They are in
the care of Prof Dr Cazibe Sayar, a retired faculty member
from the Department of Geological Engineering, Faculty
of Mines, İstanbul Technical University. The petrographic
samples and thin sections are in the care of Dr. Ali Seydi
Gültekin at the Department of Geological Engineering,
İstanbul University.
4. Results and discussion
4.1. Faunal assemblages of Kangal Formation
The studied fossils were collected from the 150–160
m upper-part successions of the Kangal Phyllite–Slate
Formation. The fossil finding locality (or type locality) is
the Kulluk Hill area, located 1.5 km NW of Elkondu village
and 25 km NE of Kangal, Sivas (Divriği sheet: J39–d2,
89000– 41650; scale 1/25,000). The collected benthic shelly
fauna contains rich brachiopods, a few bryozoans, corals,
trilobites, and crinoid columnals (Figures 2, 4, and 7).
The brachiopods are poorly preserved, strongly
deformed, and depressed, with decorticated and dissolved
shells. Some of their primary characteristic features have
been lost by metamorphism and weathering, and so
they generally present as internal and external moulds.
Approximately 400 fossil specimens were categorized
into brachiopods (95%; abundant), bryozoans and
crinoids (3%; rare), corals (1%; very rare), and trilobites
(1%; very rare). The studied fossils have been registered
as İTÜ. KB.1 through İTÜ. KB.80. Throughout this text,
they are generally referred to as KB.5, sometimes with an
additional label (for example, KB.58a … KB.115d). Five
fossiliferous levels and ages have been determined in the
uppermost 150–160 m of the formation successions. Fossil
Levels 1–4 and Fossil Level 5 in the Düzce Recrystallized
Limestone Member are characterized by brachiopods
and by foraminifera and algae, respectively. Fossiliferous
Levels 1–4 have been assigned into the stages from the
Lower-to-Upper Devonian period with an “Etroeungtian
(Strunian)
substage”,
“Devonian–Carboniferous
boundary”, and separate Tournaisian–Viséan stages in
the Lower Carboniferous. Fossil Level 5 was determined
as Upper Permian from the assigned microfossils in the
Düzce Recrystallized Limestone Member (Figures 2, 5,
and 1b); see also the lithostratigraphy and range table of
determined fossils (Figure 10).
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Figure 7. Low metamorphic shelly fossils, mostly brachiopods
presenting as internal-external moulds, in the Kangal Phyllite–
Slate Formation (Gültekin, 1993).

4.2. Fossiliferous levels
-Fossil Level 1: High Lower Devonian (Pragian–Emsian):
The Pragian and/or Emsian stage is inferred by the
presence of Leptaena cf. dicax, Plicanoplia cf. umbocostata,
Platyorthis planoconvexa, Chonetes aff. Sarcinulatus,
Brachyspirifer carinatus, and Reeftonella aff. neozelanica.
-Fossil Level 2: Middle Devonian (Eifelian–Givetian): The
Eifelian stage is inferred by Telaeoshaleria sp., Anoplia cf.
nucleata, Strophochonetes cf. tenuicostatus, Chonetes aff.
sarcinulatus, Plathyorthis planoconvexa, Proschizophoria
cf. personata, Uncinulus pila, Spinatrypa aspera aspera,
Athyris concentrica, Brachyspirifer carinatus, Mucrospirifer
mucronatus, Eleutherokomma cf. robatense, and Reeftonella
aff. neozelanica. The Givetian stage is indicated by Douvillina
aff. distans, Telaeoshaleria sp., Rhipidomella penelope,
Cupularostrum recticostatum, Callipleura aff. nobilis,
Camarotoechia aff. congregata, Camarotoechia multicosta,
Atrypa depressa, Spinatrypa aspera aspera, Desquamatia
subzonata, Desquamatia cf. circulareformis, Ambocoelia
umbonata, Crurithyris inflata, and Cryptonella rectirostra.
-Fossil Level 3: Upper Devonian: Frasnian–Famennian–
Etroeungtian (Strunian): Orbiculoidea sp., Douvillina
aff. distans, Retichonetes armatus, Strophoproductus cf.
hystriculus, Schuchertella aff. parva, Cariniferella carinata,
Cupularostrum contracta, Hypothyridina cuboides, and
Cyrtospirifer verneuili indicate the Frasnian Stage.
Ptychomalotoechia cf. turanica, Rhynchopora? aff.
morini and Greira sp. date from the Famennian Stage.
The Uppermost Famennian as the Etroeungtian
(Strunian) substage is indicated by Plicochonetes
ventricosus, Productella aff. ultima, Orbinaria aff.
pyxidata, Planoproductus cf. hilsboroensis, Mesoplica
praelonga, Araksalosia maxima, Whidbornella caperata
and Syringothyris sp. The overbedded sediments just
above these fossiliferous beds date from the Lowermost
Carboniferous (Lower Tournaisian or Hastarian). The
level between two strata is the “Devonian-Carboniferous
boundary”.

-Fossil Level 4: Lower Carboniferous: Tournaisian–
Viséan: Anopliopsis subcarinata, Plicochonetes cf.
elegans, Drahanorhynchus sp., Rhipidomella divaricata,
Lamellosathyris cf. lamellosa, and Syringothyris sp.
are Tournaisian elements. Acanthocrania quadrata,
Leptagonia cf. analoga, Plicochonetes cf. elegans,
Chonopectus sp., Rhipidomella divaricata, Rhipidomella
michelini, Tretorhynchia trilatera, and Cleothyridina cf.
fimbriata date from the Viséan age. These fossils were
collected from purple bryozoan schist (0–25 m) and black
phyllite-calkschist (0–20 m), lensitic interbeds that also
contain Fenestellid bryozoan and rich quantities of small
Crinoid columnals. These Carboniferous sequences are
overbedded from the Düzce Recrystallized Limestones
(Upp. Perm.), the uppermost levels of the Kangal Phyllite–
Slate Formation (Figures 8–11).
-Fossil Level 5: Upper Permian: Roadian–Capitanian
(Murghabian–Djulphian):
Hemigordius sp., Lunucammina cf. postcarbonica
(Spandel, 1901), Globivalvulina cf. graeca (Reichel, 1946),
Staffella sp., Agathammina cf. pusilla (Geinitz, 1848)
(foraminifera), and Pseudovermiporella nipponica (Endo,
1954) (algae) were identified by Prof D Altıner (METU,
1993). These fossils show that the beige, cream, dark-gray
to black colored Düzce Recrystallized Limestone Member
(0–25 m) was sedimented during the Roadian–Capitanian
interval in the Late Permian. It is unconformably overlaid
by the Kıratgediği Limestone, which dates from the Upper
Jurassic–Lower Cretaceous (Figures 5 and 10). There is
a sedimentary interruption over the Viséan successions
from the Middle Carboniferous to the end of the Middle
Permian. No sedimentary depositions are observed, and
a tectonic event probably occurred during that time.
According to stratigraphic and paleontological evidence,
the Düzce Recrystallized Limestone can be correlated
with the lower part of the Aygörmez Limestone, the
Sarpkayatepe Formation in the Pınarbaşı area of Kayseri,
and with the Yığılıtepe Limestone from the Pınarbaşı-Sarız
area of Kayseri, Eastern Taurides (Demirtaşlı et al., 1978;
Altıner et al., 1980; Altıner, 1981; Zaninetti et al., 1981).
In conclusion, this benthic association contains
abundant and highly diverse brachiopod fossils (95%),
rare bryzoans and crinoids (3%), and very rare corals
(Rugosa) and trilobites (2%). The following table list the
superfamilies of the brachiopod community identified
in the present study. Inarticulate forms are very rare and
exclude Orbiculoidea sp. and Acanthocrania quadrata
(M’Coy, 1844).
4.3. Superfamilies of the brachiopod genera and species
identified
The low metamorphic brachiopod fossils were
decorticated, deformed, depressed, crushed, and generally
were as internal and external moulds. Therefore, the
species may not have been accurately assigned. This project
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Figure 8. Fenestellid bryozoan specimens from black calkshist and purple bryozoan schist in the highest levels of the Kangal Phyllite–
Slate Formation, Kulluk Hill, Elkondu Village, Sivas. (Lower Carboniferous: Viséan): a) Fenestella papillata (M’Coy, 1844) KB.244;
b) Fenestella sp. (? Archimedes sp.) KB.248; c) Polypora dendroides (M’Coy, 1844) KB.247; d) Fenestellidae (bryozoa) KB.255.

'

1
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c

1
1
1
1

a

Axial canals

Figure 9. Crinoid columnal imprints (a, b, c), from purple bryozoan schist (weathered) in the highest levels of the Lower Carboniferous
Kangal Phyllite–Slate Formation.
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Figure 10. Lithostratigraphy and stratigraphic range table of brachiopods and other fossils from the upper part (150 m) of the Kangal
Phyllite–Slate Formation.
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Table. Superfamilies defined by the current study.
1. Strophomenoidea

11. Rhynchoporoidea

2. Chonetoidea

12. Atrypoidea

3. Productoidea

13. Athyridoidea

4. Echinoconchoidea

14. Crytospiriferoidea

5. Strophalosioidea

15. Ambocoeloidea

6. Orthotetoidea

16. Delthyridoidea

7. Dalmanelloidea

17. Syringothyridoidea

8. Rhynchotrematoidea

18. Styringocephaloidea

9. Uncinuloidea

19. Cyrptonelloidea

10. Camarotoechioidea

Figure 11. a- Cleiothyridina cf. fimbriata (Phillips,
1836), KB.237 (ventral external), b- Cyathaxonia cornu
Michelin, 1846, KC.238 (Rugosa coral), c- Paragriffithides
sp. KT.240 (Trilobite: pygidium). (×3) Black schist–
calkshist interbeds, Viséan.

determines, describes, and displays approximately 400
specimens from 21 superfamilies (including 2 inarticulate
Discinoidea and Cranioidea) (Table). The fossils are
designated to 51 species in 59 genera. The brachiopod
community is diversified, with many of the species and
genera belonging to Strophomenoidea, Chonetoidea,
Productoidea, Dalmanelloidea, Rhynchotrematoidea, and
Atrypoidea.
4.4. Correlation
The faunal community of the Kangal Phyllite–Slate
Formation has close affinity to the communities of
Tufanbeyli (Mağara), Saimbeyli, Kozan (Adana),
Sarız (Kayseri), and the lower part of the Aygörmez
Limestone, Aygörmezdağı, Kayseri, Eastern Taurus.
The Stromatoporoid Level Amphipora ramosa (Philips,
1841), known as the Dolomitic Limestone, is located in
the Middle Devonian of the Şafaktepe Formation, and
was found around the Saimbeyli and Tufanbeyli areas of
Adana (Özgül et al., 1973; Sayar et al., 2005, 2009). It also
appears in the Pınarbaşı-Sarız area of Kayseri (Demirtaşlı
et al., 1978), but is not observed in the Middle Devonian
successions of the Kangal Phyllite–Slate Formation
in Sivas, which is only 170–200 km northeast of Sarız
and Tufanbeyli. The Middle Devonian, especially the
Givetian-aged phyllite–slate beds, contain rich, diversified
Rhynchonellid types in the Kangal area, although Atrypids
and Spinatrypids abound in the Middle Devonian beds
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of the Saimbeyli sequences (Adana), particularly in the
Givetian successions. On the other hand, Cyrtospirifer
verneuili and its subspecies types, such as Cyrtospirifer
verneuili lonsdalii (Murchison, 1840) and Cyrtospirifer
verneuili cuboides (Paeckelmann, 1942), are rich in the
Frasnian beds of Saimbeyli (Adana) but sparse in the
Frasnian beds of the Kangal Formation (Sayar et al., 2009).
The Frasnian and Famennian fauna of the Gümüşali
Formation. The Etroeungtian (Uppermost Famennian)
species, and some Lower Carboniferous brachiopods,
correlate to the brachiopod types of the Naltaş Member of
the Ziyarettepe Formation in the Saimbeyli and Tufanbeyli
areas, Adana, Eastern Taurides (Plodowski and Salancı,
1990; Eroğlu, 2004; Nalcıoğlu, 2005; Gourvennec, 2006).
However, as the Düzce Recrystallized Limestone Member
represents the Upper Permian age, it can correlate only
with the upper level of the Yığılıtepe Formation (Low.
Mid.–Upp. Perm.) in Tufanbeyli. The faunal communities
of the Yığılıtepe Formation and Düzce Recrystallized
Limestone are not identical (Özgül et al., 1973), although
foraminifera and algae (Fossil Level 5, Figure 10) in the
Düzce Recrystallized Limestone closely resemble those of
the Tufanbeyli Fauna, which indicate the Upper Permian
age of the Eastern Taurides (Zaninetti et al., 1981).
In conclusion, the low-metamorphic benthic faunal
community of the Kangal Phyllite–Slate Formation,
and especially the rich brachiopod genera and species
accompanied by trilobites, rugosa corals, delicate
bryozoans (Fenestellids), and crinoid associations, are
closely associated with those of the Mediterranean and NW
European faunal provinces and the Transcaucasian region.
The foraminifera and algae of the Düzce Recrystallized
Limestone belong to the Tethyan region (Altıner, 1981;
Zaninetti et al., 1981). From the lithologic features, faunal
associations, genera, and species in the stratigraphic range
table (Figure 10), and their correlations, we infer that the
top sequences in the initial 150–160 m of the greenschist
rocks, namely, the low-metamorphic fossiliferous Kangal
Phyllite–Slate Formation, were sedimented in a warm- and
open-shelf environment from the Lower Devonian to the
Upper Permian.
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5. Systematic paleontology
Phylum Brachiopoda
Class Lingulata Gorjansky & Popov, 1985
Order Lingulida Waagen, 1885
Superfamily Discinoidea Gray, 1840
Family Discinidae Gray, 1840
Genus Orbiculoidea D’orbigny, 1847
Orbiculoidea sp.
Pl. 1 Fig. 1, 1a
Materials: Deformed, damaged exterior ventral valve,
right lateral margin broken, Kulluk Hill, Elkondu village.
KB.151.
Description: Shell very small, moderately subchonicalsubcircular to slightly elongated elliptical (depressed) in
outline; right flank broken; pedicle track narrow, closed
anteriorly; distinct concentric fila on the left flank. Dorsal
valve unknown. L: 4.5 mm.
Stratigraphic level and age: The specimen was collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian.
Class Craniata Williams et al., 1996
Order Craniida Waagen, 1885
Superfamily Cranioidea Menke, 1828
Family Craniidae Menke, 1828
Genus Acanthocrania Williams, 1943
Acanthocrania quadrata (M’Coy, 1844)
Pl. I Fig. 2, 2a, 2b
1844 Orbicula quadrata M’Coy: Carbon. fossils Dublin, 55,
2, p. 104, pl. 20, fig. 1.
1934 Crania quadrata (M’Coy, 1844); Demanet: Mém.
Mus. Royal D’Hist. Nat. 61, p. 36, pl. 1, figs. 32, 33.
Materials: Decorticated, depressed internal mould of one
ventral and one dorsal valve, Kulluk Hill, near Elkondu
village. KB.250, 250b.
Description: Shell deformed, decorticated, very small,
subquadrate to rounded quadrate in outline, moderately
chonical (depressed); circular anterior adductor scars,
larger than the faintly preserved posterior pair. L: 4.5 mm;
W: 3.8 mm.
Stratigraphic level and age: The specimen was collected
from the purple bryozoan schist (Fos. Level 4) in the
upper part of the Kangal Phyllite–Slate Formation. Lower
Carboniferous Viséan.

Class Strophomenata Williams et al., 1996
Order Strophomenida Öpik, 1934
Superfamily Strophomenoidea King, 1846
Family Rafinesquinidae Schuchert, 1893
Subfamily Leptaeninae Hall & Clarke, 1894
Genus Leptaena Dalman, 1828
Leptaena cf. dicax Garcia-Alcalde, 1981 (nomen nudum)
Pl. VI Fig. 9
1981 Leptaena dicax n. sp. Garcia-Alcalde: Brachiopodos
devonicos Trabajos de Geologia, Oviedo.
1981 Leptaena dicax Garcia-Alcalde; Racheboeuf: Mém.
Soc. Géol. Minéral.Bretagne, 24, p. 165-168, pl. 19,
figs. 1–8.
Materials: Strongly deformed, depressed, incomplete
internal mould of one ventral valve, Kulluk Hill, near
Elkondu village. KB.40.
Description: Shell small-to-medium sized, strongly
deformed, decorticated, moderately transverse; convex
internal ventral mould; anterior part compressed; hingeline wide and straight; right flank and extremity broken;
left extremity acute; umbo convex; dental plates short;
muscle field subcircular to subpentagonal, wider than
long, enclosed by a strong bounding ridge; long narrow
adductor divided by myophragm and surrounded by large
diductors; concentric rugae not preserved on shell surface.
Dorsal valve unknown. L: 7.0 mm; W: 21.0 mm.
Stratigraphic level and age: The specimen was collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Lower Devonian: Upper
Emsian– (? Eifelian).
The type specimens (Leptaena dicax Garcia-Alcalde) were
collected from the Upper Emsian beds in the Asturias
area, Cantabria, Spain. Some specimens were found in the
Upper Emsian–Lower Eifelian (L. Couvinian) beds in the
Armoric Massif, France (Racheboeuf, 1981).
Remarks: The Kangal specimen Leptaena cf. dicax
shows close similarity to the holotype, but differs by
its subpentagonal to subcircular muscle field and more
transverse shell.
Genus Leptagonia M’Coy, 1844
Leptagonia cf. analoga (Phillips, 1836)
Pl.VI Fig. 10–11
1836 Producta analoga Phillips; Geol. of Yorkshire, II,
London, p. 215, pl.VII, fig.10.
1844 Leptagonia analoga (Phillips, 1836); M’Coy: Carbon.
fossils, Dublin, p.117.
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Materials: Deformed, depressed, one decorticated ventral
valve and one internal mould of ventral valve, Kulluk Hill,
Elkondu village. KB.35a; 215.
Description: Shell small-to-medium, transverse,
incomplete, deformed, left margin depressed, nearly
subquadrate in outline, anterior part dorsally geniculated;
strong concentric rugae on shell surface; distinct, elevated
muscle platform in ventral valve internal mould (Pl. VI.
Figure 11). Dorsal valve unknown. L: 7.5–8.0 mm; W:
8.0–19.5 mm.
Stratigraphic level and age: Leptagonia cf. analoga was
collected from the highest levels of the upper part of the
Kangal Phyllite–Slate Formation and the purple bryozoan
schist. Lower Carboniferous: Viséan.
Remarks: Leptagonia cf. analoga specimens from Kangal
area are similar to the holotype Leptagonia analoga
(Phillips, 1836) from the Lower Carboniferous (Viséan)
beds in England and Ireland, but differ by their slightly
smaller and fewer rugae on the ventral valve.

Materials: Deformed, depressed, decorticated, two dorsal
internal moulds, one dorsal external impression, Kulluk
Hill, Elkondu village. KB.58c; KB.60; KB.86b.
Description: Shell medium-sized, concavo-convex,
transversely oval to semicircular in outline; hinge-line
straight and denticulate, nearly reaching the maximum
width of the shell; acute–subacute cardinal extremities;
cardinal process and muscle scars faintly preserved (Pl.
VII, Figure 9), parvicostellate shell surface, with some
concentric growth lines near the anterior margin. L: 15.0–
17.0 mm; W: 14.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation, Sivas. Upper Devonian: ?
Eifelian–Frasnian.

Family Douvillinidae Carter, 1939
Genus Douvillina Oehlert, 1887
Douvillina aff. distans Imbrie, 1959
Pl. VII Figs. 1, 1a

Materials: Decorticated, deformed, internal molds of
three ventral valves, Kulluk Hill,
Elkondu village. KB.42a; 185d; 185e.
Description: Shell small, transverse, suboval, elliptic to
subquadrate in outline; ventral valve strongly convex
with a faint sulcus from umbo to anteriorly; hinge-line
extending to the shell width; subacute-to-rounded cardinal
extremities; rounded (convex) front margin. The internal
ventral valve contains two parallel-sided, elongated
elliptic, slightly curved diductors, laterally enclosed by
the bounding ridges that are separated anteriorly by the
myophragm. Dorsal valve unknown. L: 8.3–10.0 mm; W:
11.0–12.0 mm.
Stratigraphic level and age: Telaeoshaleria specimens
were collected from the lower levels of the upper part of
the Kangal Phyllite–Slate Formation. Some Telaeoshaleria
species have been found in the Middle Devonian: Eifelian–
Givetian beds in Europe, Asia, and Algeria.
The type species, “Telaeoshaleria sulcata Williams, 1950”
with a concave front margin, has been collected from the
Eifelian rocks (Calceola beds), in the Eifel area of Germany
(Brach Revis. H. 2, p. 274, fig. 272, 4 a–c). The Kangal
specimens have shallow ventral sulci and a rounded
anterior margin.

1959 Douvillina distans Imbrie: Bult. Amer. Mus. Nat.
Hist.116,4, p.389, pl.58, figs.17–20.
Materials: Incomplete internal mould of ventral valve,
right flank and cardinal extremity broken, Kulluk Hill,
Elkondu village. KB.61c.
Description: Shell medium-sized, moderately convex,
transverse-oval, subtriangular to subcircular in outline;
hinge-line long, straight and denticulate; acute cardinal
extremities; swollen umbo; faintly preserved subcircular
muscle scar; shell ornamented with prominent radial
costae radiating from beak, finer the intercostal area.
Dorsal valve unknown. L: 17.0 mm.
Stratigraphic level and age: Specimen was collected from
the higher levels of the upper part of the Kangal Phyllite–
Slate Formation. Mid.–Upp. Devon.: Givetian–Frasnian.
The holotype, Douvillina distans Imbrie, 1959, was found
in the Four Mile Dam Formation, Middle Devonian
(Givetian), Michigan, USA.
Remarks: The Kangal specimen Douvillina aff. distans is
an incomplete of the ventral valve internal mould with
similarity to the holotype, but differing by its more gibbose
ventral umbone.
Douvillina sp.
Pl. V, Fig. 4; Pl. VII, Figs. 7–7a, 9
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Genus Telaeoshaleria Williams, 1950
Telaeoshaleria sp.
Pl. VII Figs. 10–10a, 11, 12

Family Leptostrophiidae Caster, 1939
Genus Protoleptostrophia Caster, 1939
Protoleptostrophia sp.
Pl. VI Figs. 12–12a
Materials: Decorticated, deformed, flattened, single
posterior view of an internal mould of conjoined valves,
Kulluk Hill, Elkondu village. KB.50a.
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Description: Small-to-medium sized, moderately biconvex
(depressed); hinge-line long, straight, denticulate; right
cardinal extremity angular, left deformed-rounded; short
median septum in dorsal valve; ventral process faintly
preserved, triangular muscle scars. W: 21.5 mm; T: 13.0
mm.
Stratigraphic level and age: The Sivas specimen was
collected from the lower levels of the upper part of
the Kangal Phyllite–Slate Formation. Middle–Upper
Devonian: Givetian–Frasnian.
Genus Nervostrophia Carter, 1939
Nervostrophia sp.
Pl. VI Figs. 13–13a
Materials: Internal mould of single ventral valve,
depressed, poorly preserved specimen, Kulluk Hill, near
Elkondu village. KB.16.
Description: Shell small, transverse, semicircular to
suboval in outline; hinge-line long, straight and denticulate;
cardinal extremities acute–subacute; shell ornamented
with discontinuous radial costellae, dorsal valve unknown.
L: 6.2 mm; W: 10.0 mm.
Stratigraphic age: Middle–Upper Devonian: Givetian–
Frasnian.
Order Productida Sarytcheva & Sokolskaya, 1959
Suborder Chonetidina Muir-Wood, 1955
Superfamily Chonetoidea Bronn, 1862
Family Strophochonetidae Muir-Wood, 1962
Genus Strophochonetes Muir-Wood, 1962
Strophochonetes cf. tenuicostatus (Oehlert, 1877)
Pl. VII Figs. 16–16a, 17–17a
1877 Chonetes tenuicostatus Oehlert: Dévon., Bull. Soc.
Géol. France, 3(5), p. 514-528, pl. 14, 15.
1962 Strophochonetes tenuicostatus (Oehlert, 1877); MuirWood: Chonetoidea, Brit. Mus. Nat. Hist. London, p.
41, 43, pl. 2, figs. 7–9.
Materials: Decorticated, deformed, internal moulds of
two ventral valves, Kulluk Hill, near Elkondu village.
KB.51c; KB.185f.
Description: Shell small, convex, transverse, semicircular–
oval; hinge-line straight and shorter than the shell width;
subrounded–rounded cardinal extremities; lateral margin
rounded; front margin rectimarginate; median septum
short, muscle scars bounded by divergent low ridges, few
vertical spines on hinge-line (Pl. VII, Figure 16), shell
ornamented with fine radial ribs and concentric growth
lamellae. Dorsal valve unknown. L: 8.0–9.0 mm; W: 12.0
mm.

Stratigraphic level and age: The Sivas specimens
Strophochonetes cf. tenuicostatus were collected from the
lower levels of the upper part of the Kangal Phyllite–Slate
Formation. Middle Devonian: Eifelian.
Remarks: Strophochonetes cf. tenuicostatus shows close
affinity to the Strophochonetes tenuicostatus (Oehlert,
1877) holotype from the Lower Devonian (Siegenian:
Pragian) beds in Western France, but differs by its smaller
size, finer ribs, and concentric growth lines.
Genus: Leptochonetes Havlíček & Rackboeuf, 1979
? Leptochonetes sp.
Pl. VIII Figs. 27, 28
Materials: Decorticated, deformed internal moulds of two
ventral valves, Kulluk Hill, near Elkondu village. KB.172;
173.
Description: Shell small, strongly convex, transversely
elliptic in outline; hinge-line straight and nearly reaching
the shell width; extremities acute–subacute; lateral and
anterior margin rounded; few spines on the hinge-line;
shell surface ornamented with fine radial costae with
a faintly visible median enlarged costa. Dorsal valve
unknown. L: 2.8–3.5 mm; W: 6.6–7.7 mm. Leptochonetes
species were found in the Lower Devonian: Pragian–
Emsian rocks in Bohemia Massif. The Kangal specimens
were collected from the lower levels of the upper part of
the Kangal Phyllite–Slate Formation. Lower Devonian:
Pragian–Emsian.
Family Anopliidae Muir-Wood, 1962
Genus Anoplia Hall & Clarke, 1892
Anoplia aff. nucleata (Hall, 1857)
Pl. VIII Figs. 1, 2, 5, 6
1857 Leptaena? nucleata Hall: Palaeoz. Fossils, Nat. Hist.
10. Ann. Rept. pt. C, p. 47.
1859 Leptaena nucleata Hall: Palaeontology, 3 (1), Geol.
Surv.N.Y. p. 419, pl. 94, fig. 1.
1962 Anoplia nucleata (Hall, 1857); Muir-Wood:
Chonetoidea, Brit. Mus. Nat. Hist. p. 53, pl. 5, figs.
13–16, text-fig. 10 A–B.
Materials: Deformed, incomplete, external mould of one
ventral valve, internal moulds of two ventral valves and
one dorsal valve, Kulluk Hill, near Elkondu village. KB.18;
57d; 125; 235a.
Description: Shell small, semicircular to subtriangular
in outline, strongly concavo-convex; hinge-line slightly
shorter than the shell width; extremities subacute; some
spine apertures on the ventral hinge-line (Pl. VIII, Figure
1). The ventral internal has a median septum and laterally
elongated teeth. The dorsal internal features cardinal
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process and two divergent median septa (not clearly
distinct). The ventral exterior exhibits a few concentric
growth lines. L: 3.5–9.6 mm; W: 6.4–12.2 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation, near Elkondu village and
Lower–Mid. Devon.: Upper Emsian–Eifelian.
Remarks: The Kangal specimen Anoplia aff. nucleata
shows close similarity to the type species Anoplia nucleata
(Hall, 1857) from the Middle Devonian-aged Camden
Cherts in Tennessee, USA, but differs by its slightly shorter
hinge-line, subacute extremities, and concentric growth
lines. Anoplia cf. nucleata specimens were recorded in the
Cultrijugatus zone in the Eifel area of Germany (Dahmer,
1929).
Genus Anopliopsis Girty, 1926
Anopliopsis subcarinata (Girty, 1926)
Pl. VIII Figs. 3–4, 7–7a, 29–29a
1926 Chonetina subcarinata Girty: U.S. Geol.Surv. 146, p.
27–28, pl. 5, figs. 10a–16.
1938 Anopliopsis subcarinata (Girty, 1926): Carb. Brac.
Wash. Acad. Sci. 28, p. 280, figs. 8a, 6, 12, 13–15.
1962 Anopliopsis subcarinata (Girty, 1926); Muir-Wood:
Chonetoidea, Brit. Mus. (Nat. Hist.) p. 55, pl. 5, figs.
1–7.
Materials: Deformed, incomplete, internal moulds of one
pair of conjoined valves and two ventral-valves, Kulluk
Hill, near Elkondu village. KB. 3; 178; 217.
Description: Shell small, subtriangular-triangular, slightly
wider than long, strongly concavo-convex, ventral valve
convex with narrow sulcus, dorsal valve moderately
concave; hinge-line straight, with length equal to the shell
width; extremities rounded, subrounded; ears small; some
oblique spines at high angle to the hinge-line (Pl. VIII,
Figures 7 and 29). The internal ventral valve contains
a short median septum extending to 1/3 of the valve
length, originating from the beak; shell ornamented with
concentric growth lamellae. L: 3.9–4.2 mm; W: 5.0–6.6
mm.
Stratigraphic level and age: Sivas specimens Anopliopsis
subcarinata were collected from the highest levels of
the upper part of the Kangal Phyllite–Slate Formation.
Carboniferous: Tournaisian–Lower Viséan.
Remarks: The Sivas specimens have close similarity to the
holotype Anopliopsis subcarinata (Girty, 1926) from the
Lower Viséan-aged Basal Payne Chert beds in Tennessee,
USA, but differ by their slightly larger, triangular shells
with rounded extremities (Girty, 1926: largest recorded
specimen was 6 mm wide).
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Genus Plicanoplia Boucot & Harper, 1968
Plicanoplia cf. umbocostata Racheboeuf, 1981;
Pl. VIII Figs. 8, 9
1981 Plicanoplia? umbocostata n.sp. Racheboeuf: Mém.
Soc. Géol. et. Minéral. Bretagne, 24, 313, p. 173, pl. 22,
figs. 1–12.
Materials: Decorticated, deformed, incomplete, internal
mould of two ventral valves, Kulluk Hill, Elkondu village.
KB.1; KB.2.
Description: Shell small, subtriangular, ventral valve
strongly convex; hinge-line straight, with length equal
to width of shell; extremities acute–subacute; lateral and
anterior margin rounded; shell surface ornamented with
a few (3–4) rounded radial mid-costae. L: 8.5–8.6 mm; W:
12.0 mm.
Stratigraphic level and age: The Kangal specimens were
collected from the Upper Emsian–Eifelian aged strata, the
lower levels of the upper part of the Kangal Phyllite–Slate
Formation.
Remarks: The Kangal specimen Plicanoplia cf. umbocostata
shows similarity to the holotype Plicanoplia umbocostata
Racheboeuf, 1981, from the Upper Emsian beds in the
Armorican Massif, but differs by its smaller ears and
subacute extremities.
Family Chonetidae Bronn, 1862
Genus Chonetes Fischer de Waldheim, 1830
Chonetes aff. sarcinulatus (von Schlotheim, 1820)
Pl. VII Figs. 13, 14–14a, 15
1820 Terebratulites sarcinulatus Schlotheim:
Petrefactenkunde, V. 1, p. 256, p. 29, fig. 3.
1962 Chonetes sarcinulatus (von Schlotheim, 1820); MuirWood: Chonetoidea, p. 36, pl. 1, figs. 4, 6, 12, 14, 15.
2000 Chonetes sarcinulatus (von Schlotheim, 1820);
Racheboeuf: Brach. Rev. H. 2, p. 394, fig. 256, 1 a–d.
Materials: Two decorticated, deformed, incomplete
internal mould of ventral valves and attached to two dorsal
internal moulds, Kulluk Hill. KB.6; 108a; 174.
Description: Shell small-to-medium sized, transversely
elliptic in outline, ventral valve moderately convex; hingeline straight, shorter than the shell width; extremities
rounded–subrounded; ventral umbo gibbous; flanks
flattened; lateral and front margin rounded; long median
septum extending from beak to anterior; three ill-defined
parallel septae on the concave internal dorsal valve; poorly
preserved fine radial (capillar) shell ornament. L: 7.0 mm;
W: 15.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Lower Devonian: Emsian.
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Remarks: The Kangal materials differ from the holotype
Chonetes sarcinulatus (von Schlotheim, 1820) from the
Emsian beds in the Eifel area of Germany by their wider
elliptical shell, gibbous umbo, and subrounded extremities.
Family Retichonetidae Bronn, 1862
Genus Retichonetes Muir-Wood, 1962
Retichonetes armatus (Bouchard-Chantereaux, 1845)
Pl. VIII Figs. 10, 11–12, 13–13a
1845 Chonetes armata Bouchard-Chantereaux;
Brachiopodes, 2 (3), France, p. 241.
1962 Retichonetes armatus (Rigaux); Muir-Wood: p. 62, pl.
4, Figs. 12–15; text fig. 1,2, A, B.
2000 Chonetes armatus (Bouchard-Chantereaux, 1845);
Racheboeuf: Brach. revis. H. 2, p. 403, fig. 263-1a–c.
Materials: One decorticated, deformed, flattened internal
mould of conjoined valves, two ventral-valve internal
moulds, Kulluk Hill, Elkondu village. KB.15; 170; 177.
Description: Shell small, transversely oval, semicircular
to subquadrate in outline, concavo-convex; hinge-line
straight, extending to width of shell; faintly indistinct
oblique spines (pl. VIII, Figure 10); ventral septum
short, dorsal median septum longer; low radial costellae
extending from beak; fine concentric growth lamellae
forming a reticulate ornament on the shell surface. L: 3.2–
8.0 mm; W: 7.0–14.0 mm.
Stratigraphic level and age: Specimen was collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Type specimens were found in
the Frasnian-aged Schiste de Hure and Ferques Limestone
beds in Boulonnais, France. This worldwide species has
also been found in Europe, Russia, Asia, North America,
and Australia. Upper Devonian: Frasnian.
Remarks: The Kangal specimens Retichonetes cf. armatus
are very similar to but questionably differ from the
holotype Retichonetes armatus (from Frasnian-aged rocks
in France) by their more transversely oval, wider shells.
Family Rugosochonetidae Muir-Wood, 1962
Genus Megachonetes Sokolskaya, 1950
Megachonetes sp.
Pl. VIII Figs. 26
Materials: Decorticated, strongly deformed, flattened,
dorsal-valve internal mould, Kulluk Hill, Elkondu Village.
KB.37.
Description: Shell medium to large, transversely oval to
subcircular in outline, asymmetric specimen; hinge-line
long-straight; extremities rounded (deformation); lateral
margins rounded; anterior margin depressed (normally
rounded); left flank shorter than the right; cardinal

process lobes, sockets and median septum faintly distinct;
shell surface fine capillate, scattered spinule bases poorly
preserved. L: 14.6 mm; W: 23.6 mm.
Stratigraphic age: Lower Carboniferous: Tournaisian–
Viséan.
Worldwide range, Great Britain, France, Germany,
Belgium, Africa, and Australia.
Genus Plicochonetes Paeckelmann, 1930
Plicochonetes ventricosus (Tornquist, 1895)
Pl. VIII Figs. 14, 15–15a, 16, 17, 18–18a, 19–19a
1895 Chonetes ventricosa Tornquist: Untercarbon, I, p. 44,
pl. XIV, fig. 15.
1930 Chonetes (?Plicochonetes) spec. aff. ventricosus
Tornquist; Paeckelmann: Preuss. Geol. Landes. N.F.
122, p. 309, pl. 24, figs. 6, 7
Materials: Decorticated, deformed, crushed, internal
moulds of ventral and dorsal valves, Kulluk Hill, near
Elkondu village. KB.4; 5; 17; 183; 184; 192.
Description: Shell small, strongly deformed, transversely
elliptic, strongly concavo-convex, median part gibbous;
hinge-line, long, straight, length equaling width of shell;
extremities acute, subacute; ears triangular; dorsal septum
long and distinct; ventral septum short; shell ornamented
with radial costellae. L: 3.0–6.5 mm; W: 7.5–14.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Uppermost
Famennian (Etroeungtian)–Tournaisian.
Remarks: The Kangal specimens similar to Plicochonetes
aff. ventricosus from the Uppermost Devon.: Etroeungtian–
Tournaisian-aged oolitic beds in Germany, but differ by
their wider shell and longer dorsal septum (Paeckelmann,
1930, p. 309, pl. 24, fig. 6).
Plicochonetes cf. elegans (de Koninck, 1847);
Pl. VIII Figs. 20–24–24a, 25–25a (21, 23 juvenile)
1847 Chonetes elegans de Koninck: Mém. Soc. Sci. Liége, 4,
p. 220, pl. XX, fig. 13.
1930 Chonetes (Chonetes) sp.2 aff. elegans de Koninck;
Paeckelmann: 1. Preuss Land. N.F. 122, p. 263, pl. 17,
fig. 6.
1962 Plicochonetes elegans (de Koninck, 1847); MuirWood: Chonetoidea; Brit. Mus. Nat. Hist. London. p.
82, pl. 15, figs. 7–9.
Materials: Incomplete, deformed, internal moulds of two
ventral valves, one dorsal valve, one external of ventral
valve and two juvenile forms, Kulluk Hill, near Elkondu
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village. KB.175; 182; 241; 247; 248; 252. (KB.182, KB.247
juvenile).
Description: Shell small to medium, deformed,
transversely oval to semicircular in outline, strongly
concavo-convex; hinge-line straight; extremities subacute;
ears smooth; ventral valve strongly convex, umbo, median
part gibbous; dorsal valve concave; ventral septum short;
dorsal septum is half of the shell length; shell surface
ornamented with distinct simple radial costae. L: 4.6–9.6
mm; W: 7.8–16.0 mm.
Stratigraphic level and age: Specimens were collected
from the purple bryozoan schist and black calkschist, in
the highest levels of the upper part of the Kangal Phyllite–
Slate Formation. Lower Carboniferous: Tournaisian and
Viséan.
Remarks: The Kangal specimens are similar to the
holotype Plicochonetes elegans, first found in the
Tournaisian beds in the Tournai area of Belgium, but differ
by their slightly larger and fewer radial costae on the shell
surface. The Kangal specimens also differ from Chonetes
sp. 2 aff. elegans by their more prominent radial plications
(Paeckelmann, 1930, p. 263, pl. 17, Fig. 6).
Suborder Productidina Waagen, 1883
Superfamily Productoidea Gray, 1840
Family Productellidae Schuchert, 1929
Genus Productella Hall, 1867
Productella aff. ultima Paeckelmann, 1931
Pl. IX Figs. 2–2a
1931 Productella ultima nov. spec. Paeckelmann:
Unterkarb. 2. Abh. Preuss Landes. N.F. 136, p. 70, pl.
3, figs. 16–18.
Materials: Deformed, incomplete, decorticated, internal
mould of one ventral valve, Kulluk Hill, near Elkondu
village. KB.166.
Description: Shell small, convex, longer than wide, with
damaged right antero-lateral margin; muscle scars faintly
preserved; some spine traces as small holes (dots); weak
rugae posterolaterally visible on shell surface. Dorsal valve
unknown. L: 10.0 mm; W: 8.0 mm.
Stratigraphic level and age: The specimen was collected
from the highest levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Upper
Famennian (Etroeungtian)–Tournaisian.
Remarks: The Kangal specimen differs from the holotype
Productella ultima Paeckelmann, 1931 (collected from
the Tournaisian-aged Oolitic Beds in Germany) by its
narrower, more elongate shell outline.
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Genus Orbinaria Muir-Wood & Cooper, 1960
Orbinaria aff. pyxidata (Hall, 1858)
Pl. IX Figs. 6–7, 8
1858 Productella pyxidata Hall: Paleontology, 1 (2), p. 498,
pl. 3, Figs. 8 a–e.
1960 Orbinaria pyxidata (Hall, 1858); Muir-Wood &
Cooper: Geol. Soc. Amer. Mem., 81, p. 377, pl. 35, figs.
1–26.
Materials: Deformed, one external–internal mould of
dorsal valve, and one dorsal–internal mould, Kulluk Hill,
near Elkondu village. KB. 57b-b’; KB. 70a.
Description: Shell small-to-medium sized, moderately
concavo-convex, transversely elliptic in outline; dorsal
valve exterior with fine concentric lamellar ornaments
and sparse traces of spine bases; dorsal–internal mould
has small sockets, a median septum, and a papillose
subperipheral ridge (Pl. IX, Figure 8). Ventral valve
unknown. L: 8.6–17.2 mm; W: 16.8–26.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian–Lower
Carbon: Upp. Famennian (Etroeungtian)–Lower
Tournaisian: Hastarian.
Remarks: The Kangal specimens show close similarity
to the holotype Orbinaria pyxidata (Hall, 1858) from the
Uppermost Famennian (Etroeungtian)-Lower Tournaisian
(Hastarian)-aged Louisiana Limestone, Missouri, USA,
but differ by their more transversely oval shell outline and
fewer spine bases in the dorsal valve.
Genus Planoproductus Stainbrook, 1947
Planoproductus cf. hilsboroensis (Kindle, 1909)
Pl. X Figs. 11–11a–12; Pl. XI Figs. 16–16 a
1909 Productella hilsboroensis n. sp. Kindle: U.S. Geol.
Surv. Bullt. 391, p. 19, pl. V, fig. 6.
Materials: Deformed, damaged, two exterior ventral
valves and one exterior of dorsal valve, Kulluk Hill, near
Elkondu village. KB. 31; 31a; 43 f.
Description: Shell small to medium, moderately concavoconvex, transversely oval, with damaged umbo and ventral
area; hinge-line straight, shorter than the shell width;
extremities subrounded; ears distinct; lateral and anterior
margins rounded; fine spines and some spine ridges on
ventral valve (Figure 12); no spine on dorsal valve. Weak
rugae are peripherally on the ventral valve and strong
concentric rugae on the dorsal (Figure 16; 16a). L: 11.0–
18.0 mm; W: 26.0–40.5 mm.
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Stratigraphic level and age: Planoproductus cf.
hilsboroensis was collected from the higher levels of the
upper part of the Kangal Phyllite–Slate Formation. Upper
Devonian: Uppermost Famennian: Etroeungtian.
The holotype, found in the Uppermost Famennian beds
(Ouray Limestone) of New Mexico, USA, the species is
distributed throughout North America, France, and Japan.
Remarks: The Kangal specimens differ from the holotype
Planoproductus hilsboroensis (Kindle, 1909) by their more
transverse–oval shell outline with strong concentric rugae
on the dorsal valve.

(Whidborne, 1897, p. 169, pl. 20, fig. 14, 15). They also
differ from Mesoplica costata Balińsky, 1995, isolated from
the Middle Famennian sediments in Poland, by their
longer trail and fewer ribs in the ventral valve (Balińsky,
1995, p. 35, pl. 3, figs. 4–9).

Family Productidae Gray, 1840
Genus Mesoplica Reed, 1943
Mesoplica praelonga (Sowerby, 1840)
Pl. X Figs. 8, 9–9a, 10

1867 Productella hystricula Hall: Brachiopoda, Nat. Hist.
New York, Paleont. 4 (1), Albany, p. 178, pl. 26, figs.
1–8.
2000 Strophoproductus hystriculus (Hall, 1867); Productida,
Brach. Revis. H. 3, p. 526, fig. 364. 1 a–c.

1840 Leptaena praelongus Sowerby: Trans. Geol. Soc. Ser.
2, V (3), pl. 53, fig. 29.
1897 Productus praelongus (Sowerby, 1840); Whidborne:
Devon. Fauna, Paleontographical Soc. III (2), p. 168–
169, pl. XX, figs. 12–12a; 13–13a.
1931 Productus (Avonia) praelongus (Sowerby);
Paeckelmann: Abh. Preuss. Geol. Landes. N.F. 136, p.
105, pl. 5, figs. 8–13.
2000 Mesoplica praelonga (J. de C. Sowerby, 1840);
Productida, Brach. Revis. H.3, p. 480, fig. 322, 5 a–d.
Materials: Decorticated, depressed, deformed internal
moulds of three ventrals, one external dorsal valve, Kulluk
Hill, near Elkondu village. KB.42d; 44; 59e.
Description: Shell medium in size, subquadrate, strongly
concavo-convex, dorsal moderately concave, corpus long;
beak incurved; ventral umbo strongly arched; hingeline straight, slightly longer than the shell width; ears
subtriangular; extremities obtuse; lateral and front margin
rounded; narrow median ridge in the shallow ventral
sulcus; weak radial costae extending from beak; scattered
small holes and some thickened regions remain as spine
traces. L: 23.0–31.0 mm; W: 24.5 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation, Sivas, and from the Uppermost
Devonian (Etroeungtian) beds in Saimbeyli, Adana (Sayar
et al., 2005, 2009). Upper Devon.: Uppermost Famennian:
Etroeungtian.
The holotype was collected from the Uppermost
Famennian beds in the south of England, UK (specifically,
in Devonshire and Somerset). This species is also found
in the Uppermost Famennian–Etroeungtian (Strunian)
rocks of France, Germany, Poland, Afghanistan, and
Kazakhstan.
Remarks: The Kangal specimens Mesoplica praelonga
possess a longer corpus than Mesoplica simplicior

Superfamily Echinconchoidea Stehli, 1954
Family Sentosiidae Mc Kellar, 1970
Genus Strophoproductus Nalivkin, 1937
Strophoproductus cf. hystriculus (Hall, 1867)
Pl. X Figs. 1–1a, 2

Materials: Incomplete, deformed, flattened, one dorsal
exterior view of conjoined valves, one dorsal-valve internal
mould, Kulluk Hill, Elkondu village. KB.138; 139.
Description: Shell small to medium, transversely oval to
subcircular in outline; hinge-line straight-shorter than
the shell width; beak incurved; small circular foramen;
extremities subrounded; ears small; a few spines to the right
of the hinge-line; bilobed cardinal process in the dorsal
internal; shell ornamented with concentric undulose fine
rugae; weak elongate radial spine bases. L: 8.4–16.0 mm;
W: 18.0–28.5 mm.
Stratigraphic level and age: The Kangal specimens come
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Frasnian.
The type specimens Strophoproductus hystriculus (Hall,
1867) were found in the Frasnian beds of the New York
area, USA. This widespread species is also known from
the Frasnian sediments in France, North America, and
Eurasia.
Remarks: The Kangal specimens are similar to the
holotype, differ with their distinct finer concentric
undulose rugae on the shell surface.
Suborder Strophalosiidina Schuchert, 1913
Superfamily Strophalosioidea Schuchert, 1913
Family Chonopectidae Muir-Wood & Cooper, 1960
Genus Chonopectus Hall & Clarke, 1892
Chonopectus sp.
Pl. IX Figs. 9, 9a
Materials: Decorticated, depressed, internal mould of one
ventral valve, Kulluk Hill, Elkondu village. KB.242.
Description: Shell small, resembling Chonetid shells;
ventral valve convex, transversely elliptic, and semicircular
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in outline; hinge-line straight, shorter than the shell
width; extremities subrounded; a few erect hinge spines
and short median ridge (septum); some fine spines and
concentric rugae preserved on the shell surface. Dorsal
valve unknown. L: 5.5 mm; W: 12.0 mm.
Stratigraphic level and age: Specimen was collected from
the black calkschist interbeds, the highest levels of the
upper part of the Kangal Phyllite–Slate Formation. Lower
Carboniferous: Tournaisian–Viséan.
Several Chonopectus species was found in the Upper
Devonian to Lower Carboniferous (Lower Tournaisian:
Hastarian)-aged rocks of North America and Western
Europe.
Family Araksalosiidae Lazarev, 1989
Genus Araksalosia Lazarev, 1989
Araksalosia maxima (Abramjan, 1957)
Pl. IX Figs. 1, 3, 4, 5
1957 Waagenoconcha maxima Abramjan; Brach. of Upp.
Famen. Akad. Nauk. Armyan. Geologii Nauk. Erevan.
p. 33.
2000 Araksalosia maxima (Abramjan, 1957); Productida,
Brach. Revis. H.3, p. 576, fig. 410, 1a–d.
Materials: Decorticated, depressed, flattened, incomplete,
two external ventral valves, one internal mould of
conjoined valves, Kulluk Hill, Elkondu village. KB. 20; 74;
209.
Description: Shell small to medium, concavo-convex,
transversely subcircular, rounded in outline, trails
short; hinge-line straight, shorter than the shell width;
extremities rounded; ventral umbo moderately gibbous
with a shallow corpus cavity; shell flattened; short median
ridge, subcircular muscle area in the ventral-valve internal
mould; sockets, cardinal process and well-preserved
median septum in the dorsal-valve internal mould (Figs.
4–5: KB. 20). Shell surface is ornamented with small,
elongate spine bases, anteriorally formed as incipient ribs,
concentric growth lines (fine rugae) near the umbo and
on the left flank (Fig. 3; KB.209). L: 11.2–32.0 mm; W:
22.0–34.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Uppermost
Famennian: ?Etroeungtian (Strunian).
Type specimens were found in the Transcaucasia area of
Armenia.
Remarks: The strongly depressed, crushed, flattened
Kangal specimens appear to be more transverse in outline.
Hinge-line spines and spine bases are not preserved in the
Sivas materials.
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Genus Whidbornella Reed, 1943
Whidbornella caperata (Sowerby, 1840)
Pl. X Figs. 3- 4, 5, 6, 7
1840 Leptaena caperata Sowerby: Geol. Soc. London.
Transactions, (2) 5, pl. 53, fig. 4.
Materials: Decorticated, incomplete, strongly depressed,
flattened, internal mould of one pair of conjoined valves
(Figs. 3–4: KB. 22), external of two ventral valves, internal
mould of one dorsal valve, Kulluk Hill, Elkondu Village.
KB.21; 22; 167; 221.
Description: Shell medium size, subcircular to
subpentagonal in outline; hinge-line extending to width
of shell; cardinal extremities acute; ears distinct; rugae not
preserved; few spines along the ventral hinge-line; elongate
spine bases forming antero-medially as incipient ribs; shell
ornamented with radial costellae, observed on the left
flank of the ventral exterior (Pl. X, Fig. 7). Dorsal internal
mould has a long median septum and two elongated oval
adductors at both sides (Pl. X, Fig. 4). L: 7.0–15.0 mm; W:
14.4–30.9 mm.
Stratigraphic level and age: The type species Whidbornella
caperata (Sowerby, 1840) was found in the Uppermost
Famennian-aged Pilton Beds in Devonshire, England. The
Kangal specimens come from the the higher levels of the
upper part of the Kangal Phyllite–Slate Formation, namely,
the Uppermost Famennian: Etroeungtian (Strunian)
beds of the Upper Devonian. They have also been found
in the Uppermost Famennian: Etroeungtian-aged rocks
in the Tufanbeyli and Saimbeyli areas of Adana, Eastern
Taurids (Plodowski-Salancı, 1990; Sayar-Yılmaz-Bargu,
2005, 2009), and from the Uppermost Famennian rocks in
Western Europe, North Africa and North America.
Remarks: The Kangal specimens differ from the holotype
by their wider, less elongated shell outline and the nonpreservation of concentric rugae on the ears.
Order Orthotetida Waagen, 1884
Superfamily Orthotetoidea Waagen, 1884
Family Pulsiidae Cooper & Grant, 1974
Genus Schellwienella Thomas, 1910
Schellwienella sp.
Pl.VII Figs. 2, 3
Materials: Deformed, depressed, decorticated, internal
mould of one dorsal view of conjoined valves, internal
mould of one ventral valve, right flank, anterior
part broken, Kulluk Hill, Elkondu Village. KB.51; 152.
Description: Shell moderate-to-large, transversely oval,
subcircular to subquadrate in outline; pseudodeltidium
faintly preserved in the dorsal-valve internal mould (Fig.2:
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KB.51); dental plates and muscle scars in the ventral-valve
internal mould (Fig.3: KB.152); radial costae and ribs on
the shell surface are visible. KB. 51: L: 21.4 mm; W:34.3
mm.
Stratigraphic level and age: Several Schellwienella species
have been recorded from Middle Devonian to Lower
Carboniferous beds throughout the world. The Kangal
Schellwienella sp. specimens were collected from the
higher levels of the upper part of the Kangal Phyllite–Slate
Formation. Upper Devonian.
Family Schuchertellidae Williams, 1953
Genus Schuchertella Girty, 1904
Schuchertella cf. parva (Hall, 1871)
Pl. VII Figs. 4, 5–6
1871? Streptorhynchus parva Hall: Ohio Nat. Hist. 24th
Rep., p. (1–8), pl. 1–4, fig.?
Materials: Depressed, deformed, internal-external mould
of one ventral valve and internal mould of ventral valve,
Kulluk Hill, Elkondu Village. KB.36e; 195-195a.
Description: Shell small, transverse, semicircular,
subtriangular; hinge-line straight, extending to width of
shell. Subcircular muscle field divided by myophargm
in ventral internal (Fig. 5); shell ornamented with fine
costellae, anteriorly increasing in number by bifurcation
and implantation. Dorsal valve unknown. L: 5.7–6.7; W:
11.0–12.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formations. Upper Devonian: Frasnian–
Famennian.
Remarks: Kangal specimens show similarity to
Schuchertella parva (Hall, 1871) from the Upper Devonian
beds in Ohio, USA, but differ by their acute extremities
and triangular-to-subtriangular shell outline.
Schuchertella sp.
Pl. XIII, Figs. 6-6a; Pl. XVI, Figs. 12-12a
Materials: Decorticated, depressed, internal mould of one
ventral valve, external view of one dorsal valve, Kulluk
Hill, Elkondu village. KB.26; KB.43c
Description: Shell small to medium, moderately biconvex,
slightly transverse, subcircular to subquadrate in outline;
hinge-line straight, extending nearly to width of shell;
extremities acute and subacute; beak small; interarea
apparently long; umbone and mid-part of shell more
gibbous than the flanks; short dental plates; small, elongate
muscle scars; right extremity and lateral flank depressed
in dorsal valve; multicostellate shell surface with fine
concentric growth lamellae. L: 7.0–10.5 mm; W: 8.6–13.3
mm.

Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian.
Genus: Drahanorhynchus Havliček, 1967
Drahanorhynchus sp.
Pl. V Fig. 13; Pl. VII Fig. 8
Materials: Depressed, incomplete, decorticated, one
internal mould, one external mould of ventral valve,
Kulluk Hill, Elkondu village. KB. 185b; 235.
Description: Shell small, transverse, subquadrate to
semicircular; hinge-line straight, slightly shorter than
the shell width; extremities acute to subacute; lateral and
anterior margin rounded; ventral valve interior lacking
dental plates and median septum; large, poorly preserved
subcircular muscle area; shell ornamented with fine radial
costellae implanting anteriorly; small punctae (pits) appear
in radial rows on the shell surface. KB. 185 b = L: 6.7 mm;
W: 11.0 mm; KB. 235 = L: 9.0 mm.
Stratigraphic level and age: Specimens were collected
from the purple bryozoan schist interbeds in the highest
levels of the upper part of the Kangal Phyllite–Slate
Formation. Lower Carboniferous: Tournaisian–Viséan.
Remarks: The type specimen Drahanorhynchus drahanicus
Havliček, 1967 was found in the Lower Visean rocks of
Moravia, Czech Republic. The species D. paeckelmanni
(Galwitz, 1932) from the Late Viséan beds in Aprath,
Germany, and D. cantabricus sp. nov. Chacón & Prins,
1977 appeared in the Namurian (Serpukhovian) beds in
Cantabria, Spain (Chacón and Prins, 1977).
Class Rhynchonellata Williams & Others, 1996
Order Orthida Schuchert & Cooper, 1932
Superfamily Dalmanelloidea Schuchert, 1913
Family Dalmanellidae Schuchert, 1913
Genus Cariniferella Schuchert & Cooper, 1931
Cariniferella carinata (Hall, 1843)
Pl. II Figs. 1, 2–2 a, 3, 4–4 a–11; Pl. III Figs. 1–3
1843 Orthis carinata Hall: Amer. Geol. & Natur.
Transections, p. 267, text-fig. 121, fig. 1, 1a.
Materials: Strongly deformed, depressed, decorticated,
internal moulds of three ventral and ten dorsal valves, one
external dorsal valve, Kulluk Hill, near Elkondu village.
KB. 52–52’; 76a; 81; 100; 101; 105; 108; 109; 111; 112; 112a;
114; 161.
Description: Shell small-to-medium sized, transversely
subcircular to oval, dorsibiconvex, unisulcate, dorsal
sulcus, ventral fold; hinge-line shorter than the shell
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width, bilobate oval-cordate muscle scars divided by a
median ridge in the ventral-internal mould. The dorsal
internal mould contains widely divergent brachiophores,
a circular (hole) cardinal process (Figures 3 and 7), wide,
petaloid, quadripartite muscle scars bisected by a stout
median septum (myophragm), broad posterior adductors
and smaller anteriors; shell ornamented with fine costellae,
anteriorly increasing in number by bifurcation and
intercalation, reaching 4–5 ribs per mm near the front
margin. L: 12.4–25.9 mm; W: 12.6–25.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Frasnian.
The holotype and several Cariniferella carinata specimens
were found in the USA (Ohio, New York, New Mexico),
Belgium, Spain, Kazakhstan, and Russia (Frasnian rocks).
Remarks: Deformed, depressed, decorticated Kangal
specimens are similar to the holotype, but differ by their
shallow, rounded ventral fold and dorsal sulcus. Some
deformed shells are elongate or transverse oval in outline.
Family Platyorthidae Harper, Boucot & Walmsley, 1969
Genus Plathyorthis Schuchert & Cooper, 1931
Plathyorthis planoconvexa (Hall, 1859)
Pl. VI Figs. 5–8
1859 Orthis planoconvexa Hall: Paleont., New York, 3
Geol.Surv.p. 168, pl. 12, figs. 1–6.
Materials: Deformed, depressed, incomplete internal
moulds of three ventral valves, exterior impression of one
ventral valve, Kulluk Hill. KB. 55a’; 87; 90; 92.
Description: Shell small to medium, circular to subcircular,
slightly transverse, moderately biconvex; hinge-line
shorter than the shell width; beak small; extremities;
lateral and anterior margins rounded; front commissure
rectimarginate; internal mould of ventral valve features
strong, slightly curved dental plates, large cordate to
quadrate muscle scars and a median ridge; the muscle
area occupies nearly one-half of the shell length. Shell
ornamented with multicostellae, anteriorly increasing in
number by bifurcation and implantation. Dorsal valve
unknown.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. L: 13.0 mm; W: 14.4 mm. Lower
and Middle Devonian: Emsian–Eifelian.
Remarks: The Kangal specimens show close similarity to
the type species Plathyorthis planoconvexa (Hall, 1859),
found in the Emsian beds in the New York area, USA, but
differ by their longer and slightly curved dental plates.
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Family Proschizophoriidae Boucot, Gauri & Johnson, 1966
Genus Proschizophoria Maillieux, 1912
Proschizophoria cf. personata (Zeiler, 1857)
Pl. I Figs. 3, 4, 5–5a, 6, 7–7a, 8–11
1857 Orthis personata Zeiler: Verhand. Natur. Preuss.
Rhein. 14, p. 48, pl. 4, fig. 11.
Materials: Deformed, depressed, decorticated specimens;
five internal mould, one external of dorsal valves, one
internal mould of ventral valve and an internal mould of
conjoined valves, Kulluk Hill. KB.47; 52b; 57c; 61g’; 113;
115a; 185c; 222.
Description: Shell large, transversely oval to subcircular
in outline, moderately convexo-concave, unisulcate;
shallow sulcus in dorsal valve; strongly divergent dental
plates, and large, elongately suboval, subtriangular muscle
scars in the internal mould of ventral valve; divergent
brachiophores, a lobate cardinal process and quadripartite
muscle scars (with larger posterior pair than anterior
pair) in the internal mould of dorsal valve. Shell surface
multicostellate. Specimens are associated with the Eifelian
type Athyris concentrica (Von Buch, 1834), (pl. I; fig. 6,
lower left, KB. 57a). L: 16.5–24.0 mm; W: 21.3–32.0 mm.
Stratigraphic level and age: The Kangal specimens
Proschizophoria cf. personata were found in the lower levels
of the upper part of the Kangal Phyllite–Slate Formation.
Lower–Middle Devonian: Pragian–Eifelian.
The holotype Proschizophoria personata (Zeiler, 1857) was
found in the Lower Devonian: Pragian staged beds in the
Siegerland area of Germany. This worldwide species has
also been recorded in Europe, Canada, Morocco, the Altai
Mountains, Kazakhstan, China, and the Lower Devonian:
Pragian beds of Turkey.
Remarks: The Kangal specimens Proschizophoria cf.
personata show close similarity to the holotype, but unlike
the type species their ventral muscle area is bisected by a
low median ridge (myophragm).
Family Rhipidomellidae Schuchert, 1913
Genus Rhipidomella Oehlert, 1890
Rhipidomella penelope (Hall, 1860)
Pl. III Figs. 4–4a, 5–10; pl. IV Figs. 1, 7, 8–9
1860 Orthis penelope Hall: N. species 13. Ann. Rep. N.Y.
Nat. Hist., p. 79, pl.VI, Fig. 2.
Materials: Deformed, depressed, internal moulds of five
ventral valves, one external ventral valve, and three external
dorsal valves, Kulluk Hill, Elkondu village. KB.58b; 59c;
59d; 61b; 61f-61f ’; 61h-61h’; 66; 94; 109a.
Description: Shell small to medium, slightly transverse,
subcircular in outline, dorsibiconvex; hinge-line shorter
than the shell width; ventral area long; in ventral internal
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mould dental plates divergent; large, elongate-oval,
anterior ends-striated (flabellate) diductors enclosing a
small, circular adductor. Shell surface multicostellate with
concentric growth lines (pl. III, Figures 7 and 8; pl. IV,
Figures 7–9). Specimens are associated with Brachyspirifer
carinatus (Schnur, 1853), (pl. IV Figure 7, upper right).
Internal dorsal valve unknown. L: 10.5–12.0 mm; W:
18.6–22.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Givetian.
Remarks: The Kangal specimens Rhipidomella penelope
(Hall, 1860) differ from the type species from the
Givetian beds in the Hamilton Group, New York, USA,
by their transversely subcircular-to-suboval shell outline
(deformed). They also differ from R. penelope transversensis
(Imbrie, 1959, p. 367, pl. 48, Figs. 24–27) from the Givetian
rocks in the Michigan area, USA, by their larger and more
transverse oval shell outline.
Rhipidomella divaricata (M’Coy, 1844)
Pl. IV Figs. 2–6; Pl. V, Figs. 1, 2, 3, 5–6
1844 Orthis divaricata M’Coy: Carboniferus Fossils. Univ.
Press, p. 123, pl. XX, fig. 17.
1934 Rhipidomella michelini var. divaricata (M’Coy);
Demanet: Mém. Mus. Roy. d’Hist. Nat. 61, p. 41, pl.
II, figs. 18–22.
Materials: Decorticated, deformed, incomplete, internal
moulds of four ventral and four dorsal valves and a
juvenile internal mould of conjoined valves, Kulluk Hill,
near Elkondu village. KB.59b; 65; 79; 84; 86a; 88; 89; 103;
104.
Description: Shell transversely oval, wider than long,
rectimarginate; the internal mould of the ventral valve
features large, elongately oval, flabellate diductor scars
(extending nearly 3/4 of the shell length), enclosing the
small elliptic adductor and extending anteriorly. These
scars are bisected by a short median ridge in front of the
adductor. In the juvenile internal mould, the muscle scar
area occupies approximately 80% of the shell length (Pl.
V, Figures 5 and 6). The dorsal internal mould features a
lobate cardinal process, divergent brachiophore bases (Pl.
V, Figure 2) and distinct quadripartite muscle scars. Shell
is ornamented with fine multicostellate ribs.
L: 13.0–23.8 mm; W: 14.6–28.0 mm.
Stratigraphic level and age: Specimens come from the
highest levels of the upper part of the Kangal Phyllite–Slate
Formation. Lower Carboniferous: Tournaisian.
Remarks: The Kangal specimens Rhiphidomella divaricata
differ from the type species Rhiphidomella divaricata

(M’Coy, 1844) from the Tournaisian–Viséan limestone in
Dublin, Ireland, and from the Tournaisian beds (Tn3 level)
in the Tournai area of Belgium (Demanet, 1934), by their
larger, more transverse subcircular-to-suboval shells with
narrower, elongate flabellate diductors.
Rhipidomella michelini (Léveillé, 1835)
Pl. V Figs. 7–8, 9, 10–11, 12, 14, 15; Pl. VI Figs. 1–1a, 2–3,
4.
1835 Terebratula michelini Léveillé: Mém. Soc. Géol.
France. 2 (1), p. 39, pl. II, figs. 14–17.
1934 Rhipidomella michelini (Léveillé, 1835); Demanet:
Mém. Musée Roy. d’Hist. Nat. 61, p. 37, pl. II, figs.
1–9.
Materials: Three internal moulds of conjoined valves (two
juvenile), two external ventral valves, one external dorsal
valve, internal moulds of one ventral valve and two dorsal
valves. Specimens are strongly deformed, decorticated, and
weathered. They were collected from Kulluk Hill, Elkondu
village. KB.211; 212; 213; 214; 220; 224; 225; 228; 230 (Pl.
V Figures 7–8; Pl. VI Figures 2–3, 4: juvenile specimens).
Description: Shell small to medium, dorsi-biconvex,
slightly transverse, circular–subcircular in outline, weakly
uniplicate; hinge-line shorter than the shell width; internal
mould of ventral valve features short dental plates, broad,
flabellate muscle scars enclosing a small elongate-oval
adductor, extending anteriorly and bisected by a short
median ridge in front of the adductor. Muscle area occupies
nearly one-half of the valve length (~80% in juveniles) (Pl.
V, Figures 7, 8). Divergent brachiophores, a lobate cardinal
process, and preserved quadripartite muscle scars appear
in the internal mould of dorsal valve. Shell is ornamented
with fine multicostellate radial ribs, bifurcated, implanted
anteriorly; with some concentric growth lines. L: 4.8–12.0
mm; W: 7.8–12.1 mm.
Stratigraphic level and age: The Kangal specimens come
from the purple bryozoan schist and black phyllitecalkschist interbeds in the highest levels of the upper
part of the Kangal Phyllite–Slate Formation. Lower
Carboniferous: ?Tournaisian-Viséan.
The type specimens were found in the Tournaisian beds in
the Tournai area and the Viséan rocks in the Visé area of
Belgium.
Remarks: The Kangal specimens differ from the holotype
by their transverse subcircular shell outline. They also
differ from R. divaricata (M’Coy, 1844) by their circular–
subcircular shell outline and wider flabellate diductors
(pl. V, Figure 10), and from the Givetian-type R. penelope
(Hall, 1860) from the USA (the adductors are elongateoval in the Kangal specimens it is circular in R. penelope)
(Pl. III, Figure 4).
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Order Rhychonellida Kuhn, 1949
Superfamily Rhynchotrematoidea Schuchert, 1913
Family Trigorhynchiidae Schmidt, 1965
Genus Cupularostrum Sartenaer, 1961
Cupularostrum recticostatum Sartenaer, 1961
Pl. XI Figs. 10, 11, 12–12 a
1961 Cupularostrum recticostatum n. gen., n. sp. Sartenaer:
Inst. Roy. de Scien. Nat. Bull. 37 (25): 1–15, 2p, p. 2,
pl. 1.
2002 Cupularostrum recticostatum Sartenaer, 1961: Brach.
Revis. H. 4, p.1056, fig. 712, 4a–o.
Materials: Deformed, depressed, decorticated internal
moulds of two dorsal valves, and the internal–external
moulds of one ventral valve (juvenile form), Kulluk Hill,
near Elkondu village. KB. 51a; 187a; 194; 194a.
Description: Shell small, biconvex, subtriangular–
subcircular in outline; beak small, moderately pointed;
small foramen; disjunct deltidial plates in the ventral
interarea (Pl. XI, Figure 11; KB.187a); extremities rounded;
weak dorsal fold, ventral sulcus, long median septum
in the internal mould of dorsal valve (Pl. XI, Figure 10;
KB.51a), shell ornamented with strong simple subangular–
angular costae from beak, anteriorly increasing in size, a
few concentric growth lines. Ventral valve unknown. L:
3.5–8.8 mm; W: 4.5–10.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Givetian.
The holotype Cupularostrum recticostatum Sartenaer 1961
was found in the Givetian-aged Skaneateles Formation in
the Hamilton Group, New York area, USA.
Remarks: Low-metamorphic Kangal specimens are
similar to the holotype, but differ by their weakly angular
radial costae.
Cupularostrum cf. contracta (Hall, 1843)
Pl. XII Fig. 18; Pl. XIII Figs. 8–13
1843 Atrypa contracta n. sp. Hall: Organic Remains,
Chemung Group. Tabl. 66, figs. 2, 3a.
1900 Camarotoechia contracta (Hall, 1843); Girty: U.S.
Geol. Surv. Pt. 2, p. 57, pl. VII, figs. 2–4.
2001 Cupularostrum contracta (Hall, 1843); Brame: Upp.
Devon. Central–South. Appalachian Basin, p. 73, pl.
10, figs. 1, 2.
Materials: Incomplete, deformed, decorticated internal
moulds of two ventrals, two dorsal valves, one external
ventral valve and two posterior view of decorticated
conjoined valves, Kulluk Hill, Elkondu village. KB.11; 59f;
132; 133; 133d; 169; 199.
Description: Shell small-to-medium sized, biconvex,
subtriangular in outline; beak pointed; hinge-line short;
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lateral margins rounded; ventral sulcus and dorsal fold
slightly visible (depressed); dental plates strong and
divergent; muscle scars elongated (Figure 12), dorsal
median septum long; septalium short and distinct; shell
ornamented with simple, rounded, rarely bifurcated costae
from beak, the intercostal area narrower. L: 7.4–11.0 mm;
W: 10.0–14.5 mm; T: 6.4 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Frasnian.
Remarks: The Kangal specimens Cupularostrum cf.
contracta (Hall, 1843) differ from the holotype by their
faintly distinct ventral sulcus and more rounded radial
costae on shell surface. They are similar to Camarotoechia
(Cupularostrum) congregata (Conrad, 1841) from the
Givetian-aged Shales in the New York area, but differ
by their more strongly biconvex and subtriangular shell
outline.
Genus Ptychomaletoechia Sartenaer, 1961
Ptychomaletoechia cf. turanica (Romanowski, 1880)
Pl. XII Figs. 10–17
1880 Rhynchonella turanica nov. sp., Romanowski: Geol.
von Turkestan. p. 110-111, pl. XVI, fig. 8a–e; pl.
XVII, figs. 3a, 4a.
1964 <<Camarotoechia>> cf. turanica (Romanowski,
1880); Drot: Rhynchonelloidea et Spiriferoidea,
Maroc. Serv. Géol. 178, p. 195, pl. 22, fig. 5, 5a–c,
text-fig. 84.
1970 cf. Ptychomalatoechia (?) turanica (Romanowski,
1880); Brice: Paléont. Et Stratig. XI, p. 24, pl. 1, figs.
1a–e; 2a–e; 3a–e, text-fig. 9A.
Materials: Decorticated, deformed, depressed internal
moulds of four ventrals, two dorsal valves, and two
external dorsal valves (Figure 16: KB.165b; Figure 17:
KB.193a, juvenile forms), Kulluk Hill, Sivas. KB.122; 127a;
134; 165b; 185g; 193a; 197; 198.
Description: Shell small-to-medium, slightly transverse,
subpentagonal–subrounded in outline, dorsibiconvex;
beak small, erect; hinge-line shorter than the shell width;
extremities and lateral margins rounded, ventral sulcus,
dorsal folds originating from umbones; front margin
uniplicate, lateral flanks steep; strong dental plates; long
dorsal median septum (nearly half of the shell length);
anterior commissure dentate; tongue low, rectangular
(Figure 13, KB.185g). Shell ornamented with simple
angular radial ribs emanating from the beak, enlarging
anteriorly. L: 6.5–14.7 mm; W: 8.3–15.2 mm.
Stratigraphic level and age: Specimens collected from the
higher levels of the upper part of the Kangal Phyllite–Slate
Formation. Upper Devonian: Famennian.
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Ptychomaletoechia turanica (Romanowski, 1880) was
found in the Upper Famennian beds in Russia, Kazakhstan,
Turkestan, Afghanistan, and Morocco.
Remarks: The Sivas specimens show close similarity to the
type species, but differ by their more rounded shell and
lower tongue. Moreover, compared to Ptychomaletoechia
(?) charakensis Brice, 1967, collected from the Upper
Famennian beds in Afghanistan, Kangal materials have
higher number of finer costae, a lower tongue, and a
transverse-subpentagonal shell outline (Brice, 1970; XI, p.
22, pl. 1, figs. 4–6, 8).
Genus Tabarhynchus Baranov, 1989
Tabarhynchus sp.
Pl. XI Figs. 3–4
Materials: Deformed, depressed (flattened), decorticated,
one pair of conjoined valves, Kulluk Hill, near Elkondu
village. KB.7.
Description: Shell small to medium, biconvex, elongate
triangular–subtriangular in outline; beak broken;
cardinalia, umbone, dorsal fold, ventral sulcus flattened by
strong depression affected vertically to the shell surface.
In the internal mould of dorsal valve a thin, long median
septum (~¼ of the shell length); in the ventral valve
internal mould, dental plates visible. Shell ornamented by
large, rounded costae (~4-5 in each flank) and narrower,
rounded intercostal area from the beak and (3–4) costae
in the ventral sulcus-dorsal fold. This specimen is similar
to Machaeratoechia Havlicék, 1992, a Bohemian L. Devon.
(Pragian–Upper Emsian) genus; however, dorsal median
septum in the Kangal form is a characteristic feature of the
Tabarhynchus. L: 20.0 mm; W: 19.0 mm.
Stratigraphic age: Upper Devonian: Frasnian.
Remarks: The type species, Tabarhynchus mirandus
Baranov 1989, was found in the Frasnian-aged
Mauchanskaya Formation in northeastern Siberia, Russia.
The strongly deformed Kangal specimen shows close
affinity to the Siberian type.
Family Machaerariidae Savage, 1996
Genus Callipleura Cooper, 1942
Callipleura cf. nobilis (Hall, 1860)
Pl. XI Figs. 5–9
1860 Rhynchospira nobilis Hall: Hamilton Gr., New York,
Nat. Hist., Albany, p. 83.
2002 Callipleura nobilis (Hall, 1860); Savage: Brach. Revis.
H.4, p. 1086, Fig. 735, 2a–g.
Materials: Deformed, depressed, decorticated two
external mould of ventral valves, one external of dorsal

and two internal mould of dorsal valves, Kulluk Hill, near
Elkondu village. KB. 36c; 43e; 62a; 117; 205.
Description: Shell small-to-medium, dorsibiconvex,
transversely subpentagonal to subcircular in outline; beak
pointed; foramen large and circular (Figure 7, depressed
conjoined valves); hinge-line shorter than the shell width;
extremities rounded; anterior commissure uniplicate;
dorsal fold; ventral sulcus from umbone, shell ornamented
with simple, angular radial costae from beak 22–24 on
flanks, 6–7 on fold and in sulcus; (Figure 6). Ventral valve
internal mould unknown. L: 8.7–16.2 mm; W: 10.0–20.5
mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Givetian.
Remarks: The Kangal specimens deformed crushed,
decorticated external moulds, and impressions; the
internal characters of ventral valve were unknown.
However, the external features show close similarity to
Callipleura nobilis (Hall, 1860) from the Upper Givetian
sediments of the Traverse Group in the Michigan and New
York area, USA. The Kangal specimens differ from the C.
nobilis by their less transverse, subpentagonal shell and
fewer costae on the fold and in the sulcus (6–7).
Superfamily Uncinuloidea Rzhonsnitskaia, 1956
Family Uncinulidae Rzhonsnitskaia, 1956
Genus Uncinulus Bayle, 1878
Uncinulus pila (Schnur, 1851)
Pl. XI Figs. 13–13a
1851 Terebratula pila n. sp.; Schnur: Die Brachiopoden der
Eifel. p. 6
1853 Terebratula pila; Schnur: Brach. Palaeontographica
3(4), p. 186, 187, pl. 26, fig. 1a–f.
1964 Uncinulus pila (Schnur, 1851); Drot: Géol. Maroc.
178, p. 147, pl. 16, figs. 6–7, 11–13.
Materials: Ventral valve internal mould of the conjoined
valves, embedded in matrix, poorly preserved, weathered,
collected from Kulluk Hill, Elkondu village. KB.116.
Description: Shell medium-sized incomplete, weathered,
subpentagonal to subcircular, hinge-line shorter than the
shell width; lateral margins rounded; anterior margin
moderately truncated; short dental plates and faintly
preserved muscle scars, small rounded adductor enclosed
by long, oval diductors, divided anteriorly by thin septum.
Dorsal valve and shell surface unknown.
Stratigraphic level and age: The specimen was collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. High. Low. Devonian–Mid.
Devon.: Upper Emsian–Eifelian.
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Most of the type specimens Uncinulus pila (Schnur, 1851)
were collected from Upper Emsian beds, although some
specimens were found in the Eifelian rocks in the Eifel
area of Germany. The species has also been recorded in the
Upper Emsian and Eifelian beds in Spain, Morocco, and
northern France.
Remarks: The Kangal specimen Uncinulus pila shows close
similarity to the holotype, but differs by its moderately
truncated anterior margin and subcircular shell outline
(Pl. XI, fig. 13a). It also has a wider shell than the Morocco
specimens (Drot, 1964).
Family Hypothyridinidae Rzhonsnitskaia, 1956
Genus Hypothyridina Buckman, 1906
Hypothyridina cuboides (Sowerby, 1840)
Pl. XI Figs. 14, 14a, 15
1840 Atrypa cuboides Sowerby: Devonshire, Transactions
(2. Ser.) 5, p. 56, fig. 24.
Materials: Deformed, depressed, incomplete, one dorsal
valve exterior and one ventral internal view of the
conjoined valves internal mould (weathered), embedded
in the matrix, Kulluk Hill, near Elkondu village. KB.33;
33a.
Description: Shell medium-to-large, subpentagonal to
subrectangular, oval in outline; dorsal valve is shieldshaped with inflated umbo and depressed fold; hingeline shorter than the shell width; extremities rounded;
dorsal fold depressed; front margin truncated, in the
weathered internal ventral mould of the conjoined valves
dental plates and muscle scars faintly visible; two lobes of
cardinal process in the cardinal region of the dorsal valve;
radial costae from beak, concentric fine growth lines on
shell surface well-preserved. Ventral valve exterior, tongue
and dorsal valve interior unknown. L: 19.5–23.0 mm; W:
17.0–20.0 mm.
Stratigraphic level and age: The incomplete, depressed,
partly weathered specimens were collected from the
higher levels of the upper part of the Kangal Phyllite–Slate
Formation. Upper Devonian: Frasnian.
The type specimens Hypothyridina cuboides (Sowerby,
1840) were found in the Givetian-aged Plymouth
Limestone in the Plymouth area of England. This species
was also found in the Frasnian beds in Philippenville,
Belgium, and in the Frasnian beds in Saimbeyli (Adana)
and the Kayseri area, Eastern Taurids.
Remarks: The external dorsal features of the Kangal
specimen show close similarity to those of Sowerby’s
holotype, differing by their slightly larger radial costae and
denser concentric growth lines on the dorsal valve.
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Superfamily Camarotoechioidea Schuchert, 1929
Family Camarotoechiidae Schuchert, 1929
Genus Camarotoechia Hall & Clarke, 1893
Camarotoechia aff. congregata (Conrad, 1841)
Pl. XII Figs. 5–9
1841 Atrypa congregata Conrad: Geol. Surv. Rep. 5, p. 55,
pl. 1.
2001 Cupularostrum congregata (Conrad, 1841); Brame:
Upp. Devon. Appalach. p. 73.
2002 Camarotoechia congregata (Conrad, 1841); Savage:
Paleont. Brach. Revis. H. 4, p. 1132, fig. 769, 1a–b.
Materials: Decorticated, incomplete, depressed, internal
moulds of three ventrals, one dorsal valve, and two
external ventral valves, Kulluk Hill, near Elkondu village.
KB.26; 57e; 77–77’; 78a; 218.
Description: Shell small-to-medium sized, transversely
subrounded, subcircular in outline, moderately biconvex;
anterior commissure uniplicate; flanks and anterior
part shallow; short dental plates in the internal mould
of ventral valve; long median septum preserved in the
internal mould of dorsal valve; ventral sulcus; dorsal
fold beginning at umbones; 3–4 costae in sulcus and
on fold; shell ornamented with strong rounded costae
emanating from beak; a few of the costae are bifurcated
and intercalated. L: 8.5–11.0 mm; W: 9.0–19.0 mm.
Stratigraphic level and age: Low-metamorphic Kangal
specimens were collected from the lower levels of the
upper part of the Kangal Phyllite–Slate Formation. Middle
Devonian: Givetian.
Remarks: Deformed, depressed Kangal specimens
of Camarotoechia aff. congregata differ from the type
specimen obtained from the Givetian-aged Butternut Shale
in New York, USA, by their more transversely subcircular
shell outlines and fewer costae. The Kangal specimens also
differ from Cupularostrum recticostatum Sartenaer, 1961
by their larger, subcircular shells.
Camarotoechia multicosta (Hall, 1860)
Pl. XIII Figs. 1–5, 7
1860 Leiorhynchus multicosta Hall: Hamilton Grp., Nat.
Hist., Albany, 13, p. 85.
1867 Leiorhynchus multicosta Hall: Paleont. of N.Y. 4 (1); p.
358-360, pl. LVI, figs. 26–40.
1964 cf. Camarotoechia multicosta (Hall, 1860); Drot:
Rhynchonelloidea et Spiriferoidea Serv. Géol. Maroc,
178, p. 107, pl. 22, figs. 3a–c; 4a–c, text-fig. 45.
Materials: Deformed, incomplete, decorticated internal
moulds of three ventral and three dorsal valves, Kulluk
Hill, Sivas. KB.10; 61i; 68a; 131; 203; 204.
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Description: Shells small-to-medium, elongated oval,
subpentagonal, weak ventral sulcus; dorsal fold; uniplicate
front margin depressed; lateral sides shallow; long, strong
dental plates in the internal mould of ventral valve; small
septalium and long, distinct median septum in the internal
mould of dorsal valve; shell ornamented with simple,
rounded, radial costae from the beak, anteriorly increasing
in number by bifurcation and implantation; 4–6 costae on
fold and in sulcus. L: 6.7–17.5 mm; W: 7.5–16.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Givetian.
Remarks: The holotype Camarotoechia multicosta (Hall,
1860) from Middle Devonian beds of the Hamilton
Group, New York, USA. It was also recorded in the Upper
Givetian–Frasnian rocks, the Taoudenni Basin area of the
western Sahara, Morocco, and is generally associated with
the genus Leiorhynchus (Drot, 1964, p. 109).
Family Leiorhynchidae Stainbrook, 1945
Genus Leptocaryorhynchus Sartenaer, 1970
Leptocaryorhynchus sp.
Pl. XII Figs. 1–2, 3 , 4
Materials: Deformed, depressed, decorticated internal
mould of one pair of conjoined valves, one internal mould
of ventral valve and one external dorsal valve, Kulluk Hill,
near Elkondu village. KB.25; 43; 223.
Description: Shell small, moderately transverse,
subpentagonal in outline, dorsibiconvex; beak prominent;
hinge-line shorter than the shell width; extremities
rounded; fold and sulcus distinct (with 3–4 costae); tongue
high; rectangular, anterior commissure dentate (Pl. XII,
Figures 2 and 4, dorsal view); short dental plates and faintly
preserved muscle area in the internal mould of ventral
valve (Pl. XII, Figure 3); shell ornamented with strong,
simple, angular radial costae radiating from the umbone
to the anterior margin. L: 5.5–7.3 mm; W: 7.0–10.0 mm.
Stratigraphic level and age: Upper Devonian: Famennian.
Remarks: The Kangal specimens Leptocaryorhynchus
sp. show close similarity to the Famennian type
Leptocaryorhynchus <<Camarotoechia>> jamensis (Brice,
1967) found in Afghanistan; although the internal features
of the Kangal materials are not distinctly preserved, the
external features are reasonably discernible, and appear
characteristic of the genus (Brice, 1967, Invert. Paleont.
Brach. Revis. H.4, p.1139, fig. 775, 1a–e).
Genus Paurorhyncha Cooper, 1942
? Paurorhyncha sp.
Pl. XIII Figs. 14, 14a

Materials: Single specimen; decorticated, deformed,
crushed, the posterior view of the internal mould of
conjoined valves, embedded in matrix. The specimen was
obtained from the higher levels of the upper part of the
Kangal Phyllite–Slate Formation, Kulluk Hill, Elkondu
village. KB.158.
Description: Shell large, dorsibiconvex, subtriangular in
outline, strongly depressed, posteriorly crushed (so the
large shallow ventral sulcus and dorsal fold are indistinct);
beak, small incurved; hinge-line shorter than the shell
width; extremities deformed; laterals sharp; high short
median septum and septalium in the internal mould of
dorsal and short divergent dental plates in the internal
mould of ventral valve preserved; radial costae on shell
surface not preserved. T: 8.3 mm.
Stratigraphic age: Upper Devonian: Famennian.
Remarks: Several Paurorhyncha species have been found
in the Upper Famennian Rocks in Ouray Limestone, and
Percha Shale, Colorado, USA.
Superfamily Rhynchoporoidea Muir-Wood, 1955
Family Rhynchoporidae Muir-Wood, 1955
Genus Rhynchopora King, 1865
Rhynchopora? aff. morini Drot, 1964
Pl. XIII Figs. 15, 15a
1964 Rhynchopora (?) morini n. sp.; Drot: Rhynchonelloidea
et Spiriferoidea, Serv. Géol. Maroc, 178, p. 202, pl. 23,
figs. 10 a–c; 11a–c; text-fig. 87.
Materials: Decorticated, deformed, dorsal and dorsoventral views of an internal mould of conjoined valves,
embedded in matrix, Kulluk Hill, near Elkondu village.
KB. 24.
Description: Shell medium-to-large, moderately
transverse, dorsal valve slightly convex (depressed),
narrow sulcus (?); erect-suberect beak; small circular
foramen and orthocline, weakly anacline ventral interarea
in the postero-ventral region; shell surface with large,
rounded, simple radial costae (undulations) from umbone
to front margin, shell substance endopunctate. L: 7.4 mm;
W: 10.5 mm.
Stratigraphic level and age: The specimen was collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Famennian.
Remarks: The Kangal specimen was limited to the dorsal
and dorso-ventral view of an internal mould of conjoined
valves, embedded in the matrix and strongly crushed. It
resembles the holotype Rhynchora (?) morini Drot, 1964
from the Famennian-aged Marls and Shaly Limestones in
the Hassi Rharouar area of Morocco, but differs by its less
convex (depressed), rounded smaller shell with a narrow
sulcus.
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Genus Greira Erlanger, 1993
? Greira sp.
Pl. XIII Figs. 18–19
Materials: Decorticated, deformed, depressed, flattened
internal mould of one free pair of conjoined valves, Kulluk
Hill, near Elkondu village. KB.136.
Description: Shell small, slightly transverse, elongate,
rounded-subpentagonal in outline, strongly flattened,
crushed, (thickness 1–1.5 mm); hinge-line shorter than the
shell width; extremities rounded; shallow ventral sulcus;
dorsal fold; tongue high, crushed, extended and elongated
(extending to 1/3 the shell length). Small depressed beak
and short dental plates in the internal mould of ventral
valve; rounded sockets and long median septum in the
internal mould of dorsal valve; shell ornamented with
radial costae emanating from the beak with smooth crest
(crushed); narrow intercostae; 4–5 costae on the elongated
fold, sulcus and tongue. Shell endopunctated with tiny
rhombohedral patterns (SEM) seen partly on the shell
surface. This genus is the oldest punctate type in the
Rhynchonellids. L: 10.1–10.7 mm; W: 6.0–6.1 mm.
Stratigraphic level and age: The specimen was collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate. Upper Devonian: Lower Famennian.
The type specimen Greira transcaucasia Erlanger, 1993
was found in the Lower Famennian beds of the Arpa River
area, Nakhchivan, Azerbaijan (Savage, 2002, Paleont.
Brach. Revis. H. 4, p. 1233, Figs. 840, 2a–e, h–o).
Genus Tretorhynchia Brunton, 1971
Tretorhynchia cf. trilatera (De Koninck, 1843)
Pl. XIII Figs. 16, 17, 20
1843 Terebratula trilatera De Koninck; Carbon., 2, V. H. p.
292, pl. XIX, figs. 7a–d.
1971 Tretorhynchia trilatera (De Koninck); Brunton:
Paleont., 14(1), p.99, pls. 11, 12.
1984 Tretorhynchia trilatera (De Koninck); Brunton:
Silicified brachiopods, Bull. Br. Mus. Nat. Hist (Geol),
38(2), p. 36, figs. 9–20.
Materials: Decorticated, deformed, depressed internal
moulds of two ventral and one dorsal valves, Kulluk Hill,
near Elkondu village. KB.28; 48a; 195b.
Description: Shell small to medium, elongate oval,
triangular–subtriangular, moderately biconvex; beak,
straight pointed; hinge-line shorter than the shell width;
anterior and postero-lateral margin rounded; dorsal–
ventral valves weakly sulcate posteriorly (depressed);
anterior commissure rectimarginate; thin, short dental
plates in the internal mould of ventral valve; small
septalium and short dorsal median septum in the internal
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mould of dorsal valve. Ventral muscle scars faintly visible
(Figure 20). Shell ornamented with simple strong costae,
emanating from the beak (18–20 on each valve); some
specimens have rounded radial costae (depressed; Figure
16), poorly preserved fine endopunctae on the shell surface
preserved. L: 10.5 mm; W: 7.0–14.0 mm.
Stratigraphic level and age: Specimens were collected
from the highest levels of the upper part of the Kangal
Phyllite–Slate. Lower Carboniferous: Viséan.
The type specimens Tretorhynchia trilatera (de Koninck,
1843) were found in the Viséan-aged Carboniferous
Limestone in the Visé area of Belgium.
Remarks: The Kangal specimens show close similarity to
the holotype Tretorhynchia trilatera (De Koninck, 1843),
but differ by their elongate–triangular shell outline and
rounded (convex) anterior margin.
Order Atrypida Rzhonsnitskaia, 1960
Superfamily Atrypoidea Gill, 1871
Family Atrypidae Gill, 1871
Genus Atrypa Dalman, 1828
Atrypa depressa Sobolev, 1904
Pl. XIV Figs. 1–1a, 2, 4, 5
1904 Atrypa depressa Sobolev: Devonskija İzv. Vars. Polit.
Inst. p. 82, pl. 9, fig. 9.
1964 Atrypa depressa Sobolev 1904; Biernat: Acta Palaeont.
Polonica, IX (3), p. 296, pl. I, figs. 1–8, 9, 11, 13, 14;
pl. XV; text-figs. 3 (1), 4, 5.
Materials: Decorticated, deformed, depressed, incomplete,
internal mould of one ventral valve and three external
ventral valves, Kulluk Hill, near Elkondu village. KB.35;
68; 187; 187b.
Description:
Shell
medium-sized,
subcircular,
subquadrate, elongately oval (laterally depressed) in
outline; ventral valve moderately convex, umbo more
convex; shallow sulcus indistinct. In the elongate-oval
internal mould of ventral valve, large, subcircular-tooval muscle area covers nearly ½ the shell length, and
long elliptic diductors enclose a small oval adductor with
striated anterior ends (Pl. XIV, Fig. 1–1a: KB.68). Shell
ornamented with fine radial ribs originating near the beak,
anteriorly bifurcated and intercalated; concentric growth
lines denser at the valve margins; some spine traces. Dorsal
valve unknown. L: 6.2–21.0 mm; W: 6.2–24.6 mm.
Stratigraphic level and age: The specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Givetian.
The type specimens Atrypa depressa Sobolev 1904 were
found in the Givetian-aged Skala beds of Holy Cross
Mountain, Poland.
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Remarks: The Kangal specimens show close similarity
to the holotype Atrypa depressa Sobolev, 1904, but differ
by their oval, subcircular, subquadrate shell outline with
smaller elongate–oval muscle area, narrower diductors,
and finer radial ribs.
Genus Spinatrypa Stainbrook, 1951
Spinatrypa aspera aspera (Schlotheim, 1813)
Pl. XIV Figs. 3–3a, 6–6a
1813 Terebratulites asper Schlotheim: Naturgeschichte,
Hin. N.7 (1) pl. 1, figs. 7a–c.
1956 Spinatrypa aspera aspera (Schlotheim); Struve:
Rheinischen (Brach.) Senckenberg. leth. 37 (3/4), p.
387, pl. 1, figs. 2a–c.
1967 Spinatrypa aspera aspera (Schlotheim, 1813); Copper:
Spinatrypa and Spinatrypina, Palaeontology, 10 (3),
p. 497, pl. 77, figs. 1–9.
Materials: Decorticated, deformed, incomplete, internal
mould of one ventral valve, dorsal view the internal mould
of conjoined valves, embedded in matrix (? juvenile),
Kulluk Hill, near Elkondu village. KB.42c; 188.
Description: Shell small-to-medium, slightly deformed,
circular-to-subcircular, biconvex, ventral sulcus; in the
ventral internal mould, short dental plates, strong teeth,
large subcircular muscle scars, nearly ½ of the shell width.
In the dorsal internal mould, incurved beak, median
septum, ventral interarea, and partly visible ventral valve
preserved. Shell surface with coarse, undulated, radial
costae and regularly spaced, prominent concentric growth
lamellae. L: 11.0 mm; W: 13.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Upper
Eifelian–Givetian.
The type specimens Spinatrypa aspera aspera (Schlotheim,
1813) were found in the Upper Eifelian rocks in the Eifel
region of Germany, and in the Lower Givetian-aged Skaly
Beds in the Holy Cross Mountains of Poland.
Remarks: Apart from its smaller shell, the Kangal
specimen Spinatrypa aspera aspera (Schlotheim, 1813)
shows close similarity to the holotype. However, the shell
is larger and strongly biconvex than that of Spinatrypa
asperoides Biernat 1964, with fewer and coarser radial
costae (Biernat, 1964, p. 313, pl.VI, figs. 1–5, 12; pl. VII,
figs. 7–8).
The specimen also differs from Spinatrypa aspera
meridiana Copper 1967, collected from the Upper Eifelian
beds of the Hillesheim Syncline, Eifel, Germany, by its
subcircular, more gibbous shell outline with slightly
narrower and shallower radial ribs (Copper, 1967, p. 501,
pl. 77, figs. 10–15).

Genus Desquamatia Alekseeva, 1960
Desquamatia subzonata Biernat, 1964
Pl. XIV Figs. 7, 8
1896 ?Atrypa desquamata Sowerby, 1840; Gürih:
Polinischen Mittelgebirges, 2, 32, p. 271.
1904 Atrypa desquamata Sowerby, 1840; Sobolev:
Devonskija, Izv. Vars. Polit. Inst.; p. 84, pl. 10, fig. 6.
1961 Atrypa zonata Schnur; Biernat: Acta Palaeontologica
Polonica, 6 (1), pl. 3, Fig. 1.
1964 Desquamatia subzonata n. sp.: Biernat; Palaeont.
Polon, IX (3), p. 319, pl. VII, fig. 10; pl. VIII, Figs.
1–7; pl. IX, Figs. 1–8, text-figs. 3 (3); 8 (3), 16, 17.
Materials: Two deformed, depressed external moulds of
ventral valves, Kulluk Hill, near Elkondu village. KB.186;
189.
Description: Shell medium-sized, ventral valve
moderately convex, subcircular to subquadrate; hingeline shorter than the shell width; widest from one-fourth
of the shell length; beak small; ventral interarea low;
foramen small, circular; extremities, lateral and anterior
margin rounded; shell ornamented with fine radial ribs,
anteriorly bifurcated–intercalated interrupted by regular
concentric growth lamellae, denser valve margins; dorsal
valve unknown. L: 13.0–16.0 mm; W: 16.0–17.2 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate. Middle Devonian: Givetian.
Remarks: Kangal specimens have close similarity to
the holotype, but differ by their smaller size and finer
ribs. They differ also from the larger type Desquamatia
zonatoides Biernat 1964 by their smaller and less transverse
subcircular shell outline (Biernat, 1964, p. 323, pl. X, Figs.
3–7; pl. XI, Figs. 4, 5, 7, 8).
Desquamatia cf. circulareformis Biernat, 1964
Pl. XIV Figs. 9–9 a
1964 Desquamatia circulareformis n. sp.; Biernat:
Atrypacea. Acta Palaeontologica Polonica, IX, 3, p.
326, pl. VIII, Fig. 8; XII, figs. 2, 3.
Materials: Decorticated, deformed, incomplete ventral
valve; right postero-lateral part with a broken anterior
margin, Kulluk Hill, near Elkondu village. KB.24.
Description:
Shell
small-to-medium,
depressed,
transversely subcircular to subquadrate in outline,
posteriorly convex; hinge-line shorter than the shell
width; extremities rounded; umbo gibbous, posterolateral flanks gently concave; shallow ventral sulcus from
mid-length to anterior; beak small; foramen circular; fine
dental plates. Shell ornamented with fine radial ribs from
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the beak, anteriorly increasing in number by bifurcation
and intercalation, 4–5 ribs per 5 mm, (mid of the shell);
concentric growth lines visible on left flank, good fila.
Dorsal valve unknown. L: 10.0 mm; W: 14.0 mm.
Stratigraphic level and age: The Kangal specimen
Desquamatia cf. circulareformis was collected from the
lower levels of the upper part of the Kangal Phyllite–Slate
Formation. Middle Devonian: Givetian.
Remarks: The decorticated incomplete Kangal specimen,
Desquamatia cf. circulareformis, shows close affinity to the
holotype but differs by its smaller size and transversely
subcircular-to-subquadrate shell.
Order Athyridida Boucot, Johnson & Staton, 1964
Superfamily Athyridoidea Davidson, 1881
Family Athyrididae Davidson, 1881
Genus Athyris M’coy, 1844
Athyris concentrica (Von Buch, 1834)
Pl. XIV Figs. 10–10a, 11–15, 15a
1834 Terebratula concentrica von Buch; Abh. König. Akad.
Wissenchaft, p. 103, 104.
1864 Athyris concentrica (Von Buch, 1834); Davidson:
Devon. Brach. VI (1), The Palaeontographical Soc.
London, p. 14, pl. 3, figs. 11–15, 24.
2002 Athyris concentrica (Von Buch, 1834); Alvarez & JiaYu: Brach. Revis. H. 4, p. 1497, figs. 1013 a–g.
Materials: Decorticated, deformed internal moulds of
three ventral and three dorsal valves, Kulluk Hill, near
Elkondu village. KB.30; 57a; 62; 75b; 189a; 133a.
Description: Shell small-to-medium, dorsibiconvex,
rounded, subcircular-to-subpentagonal in outline; beak
small; hinge-line short; extremities, lateral and anterior
margins rounded; weak ventral sulcus, dorsal fold; internal
mould of ventral valve features thin subparallel dental
plates and long elliptic diductors (occupying more than ½
the shell length) enclosing small oval adductor. Laterally
directed brachidium spire apexes in the internal mould
of dorsal valve well preserved (Figure 15–15a). Shell
ornamented by fine concentric growth lines. L: 7.0–19.6
mm; W: 6.2–16.4 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle Devonian: Eifelian.
Remarks: The Kangal specimens have close similarity to
the holotype Athyris concentrica (Von Buch, 1834) from
the Eifelian beds of the Eifel area, Germany, but differ
by their slightly elongated or transverse (deformed) shell
outline with an indistinct dorsal fold and ventral sulcus.
They also differ from the Middle Devonian (Givetian?)
type of Afghanistan, namely, Athyris aff. kaisini Rigaux,
E.1908, by their elongated shell outline and depressed
shallow sulcus (Brice, 1970, p. 224, pl. XIV, fig. 19).
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Genus Lamellosathyris Jin & Fang, 1983
Lamellosathyris cf. lamellosa (Léveillé, 1835)
Pl. XIV Figs. 16–17; Pl. XV Figs. 1–9
1835 Spirifer lamellosus Léveillé: Mém. Soc. Géol. France.
2; p. 39, pl. 2, figs. 21–23.
1965 Athyris lamellosa (Léveillé); Boucot, Johnson &
Staton: Brach. H. 2; P.H. 662, fig. 537–4b, c, d.
1984 Actinoconchus lamellosus (Léveillé); Brunton:
Silicified Brach. Bull. Br. Mus. Nat. Hist. (Geol.) 38
(2), p. 49, figs. 44–51.
2002 Lamellosathyris lamellosa (Léveillé); Alvarez & JiaYu: Brach. Revis. H. 4, p. 1502, fig. 1019, 2a–r.
Materials: Decorticated, flattened internal moulds of four
pairs of conjoined valves, three internal ventral moulds,
Kulluk Hill, Elkondu village. KB.36b; 140; 141; 142; 188a;
210; 236.
Description: Shell medium-to-large, flattened, moderately
biconvex, transverse oval elliptical, dorsal fold; ventral
sulcus weak (crushed); beak small; hinge-line shorter than
the shell width; extremities, lateral, and anterior margins
rounded. In the internal mould of ventral valve short
divergent dental plates, large, oval-cordate, muscle scars,
and long, elliptic diductors antero-laterally enclosing
small, oval adductor. The internal mould of dorsal valve
contains large rounded sockets, and elongated muscle scars
divided medially by a low myophragm (Pl. XIV, Figure 17);
laterally directed spiralia traces visible on flanks (Pl. XV,
Figure 4). Shell flanges are partly preserved at the anterior
margin (Pl. XV, Figures 6–7). In the Kangal materials the
strong rugae and lamellae structures of shell surface are
not preserved, affected by deep decortication.
L: 7.0–10.0 mm; W: 8.9–22.0 mm.
Stratigraphic level and age: The Kangal specimens
Lamellosathyris cf. lamellosa were collected from the
purple bryozoan schist (Tournaisian) and black calkschist
(Viséan) interbeds, the highest levels of the upper part of
the Kangal Phyllite–Slate Formation. Lower Carboniferous:
Tournaisian–Viséan.
The type species Lamellosathyris lamellosa (Léveillé, 1835)
was found in the Upper Tournaisian beds in the Tournai
area of Belgium. It is also found in the Tournaisian–Viséan
rocks of France, England, Ireland, Central Elburz (Iran),
the Moscow Basin, western Greece, China, and North
America.
Remarks: The Kangal specimens Lamellosathyris cf.
lamellosa are similar to the holotype Lamellosathyris
lamellosa (Léveillé, 1835), but differ by their more
transverse elliptical shell outline and large, oval-to-cordate
ventral muscle field.
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Subfamily Cleiothyridininae Alvarez, Rong & Boucot, 1998
Genus Cleiothyridina Buckman, 1906
Cleiothyridina cf. fimbriata (Phillips, 1836)
Pl. XV Figs. 10–10a, 11; Fig. 11a
1836 Spirifera fimbriata Phillips: Geology of Yorkshire, II,
London, p. 220.
1984 Cleiothyridina fimbriata (Phillips, 1836); Brunton:
Silicified brachiopods, Ireland (III). Bull. Br. Mus.
Nat. Hist. (Geol.), 38 (2), p. 53, figs. 53–66.
Materials: Deformed, depressed, partly decorticated one
external ventral valve, one dorsal view of conjoined valves,
embedded in rocks matrix, Kulluk Hill, near Elkondu
village. KB.36d; KB.237.
Description: Shell moderately large, biconvex, transverse
oval to subtriangular, rostrate; anterior margin
rectimarginate; hinge-line shorter than the shell width;
lateral and front margin rounded; small foramen, low
ventral interarea (Figure 10–10a, Figure 11a). Shell
ornamented by dense concentric growth lamellae, with
radially, concentrically arranged, close peripheral weak
spinose projectiles (frills). L: 18.0 mm; W: 25.0 mm.
Stratigraphic level and age: The Kangal materials
Cleiothyridina cf. fimbriata were collected from beigegray phyllite with black-calkschist interbeds in the highest
levels of the Kangal Formation. Lower Carboniferous:
Viséan.
The type specimen, Cleiothyridina fimbriata (Phillips
1836), was found in the Upper Viséan-aged silicified
limestone beds of Fermanagh, Ireland, and the UK.
This specimen showed Lower Asbian substage (D1; V3b),
(Brunton, 1984, p. 30, fig. 2; p. 55). Some specimens
related to C. fimbriata were also recorded from Upper
Tournaisian–Viséan rocks in Europe, Russia, Elburz
(Iran), and the southwest USA.
Remarks: The Kangal specimen Cleiothyridina
cf.
fimbriata
is
similar
to
the
type
specimen, but differs by its finer concentric lamellae
and fewer radial peripheral spine-like frills (spinose
ornamentation) (Pl. XV, Figure 11).
Order Spiriferida Waagen, 1883
Superfamily Cyrtospiriferoidea Termier & Termier, 1949
Family Cyrtospiriferidae Termier & Termier, 1949
Genus Cyrtospirifer Nalivkin, 1924
Cyrtospirifer verneuili (Murchison, 1840)
Pl. XVI Figs. 6, 7
1840 Spirifer verneuili Murchison: Soc. géol. Fr. 11, (1),
p.252, pl. II, figs. 3a, b, d, ?3c, ?3e.
1930 Spirifer (Cyrtospirifer) verneuili (Murchison);
Nalivkin: Mém. com. Géol., N.S.; 180, p. 123–124, pl.
X, fig. 15a–d.

1942 Spirifer (Cyrtospirifer) verneuili Murchison;
Paeckelmann: Bodenforshung. N. F., H 197, p. 76, pl.
3, figs. 2–4, text-figs. 35–41.
Materials: Decorticated, depressed, incomplete moulds
of two internal ventral valves, Kulluk Hill, near Elkondu
village. KB.154; 155.
Description: Shell medium-to-large, moderately
transverse, biconvex, oval to subtriangular in outline;
hinge-line long, straight, extending to the maximum shell
width; extremities acute. The internal mould of ventral
valve features a large, incurved beak, triangular delthyrium,
high, curved ventral interarea, and long, divergent dental
plates. Narrow sulcus originates from the beak, enlarging
anteriorly, in the sulcus, fine ribs increase in number
toward the front margin by plantation. The flanks of the
shell surface are ornamented with simple rounded radial
costae and fine concentric growth lamellae. Dorsal valve
unknown. L: 15.0 mm; W: 18.0 mm.
Stratigraphic level and age: Specimens were collected
from the higher levels of the upper part of the Kangal
Phyllite–Slate Formation. Upper Devonian: Frasnian.
The type species Cyrtospirifer verneuili (Murchison, 1840)
were collected from the Frasnian-aged Ferques Limestone
near the Ferques area in Boulonnais, France. This species is
known in Frasnian beds worldwide, and has been collected
from Lower Famennian rocks in some places.
Remarks: Only two incomplete Cyrtospirifer verneuili
specimens were collected from the Frasnian-aged phylliteslate beds (greenschists) in Kangal. However, the richly
fossiliferous unmetamorphic Upper Devonian successions
(the 30–35-m-thick Gümüşali Formation, Level Dg. 11,
Sample 9) yield copious quantities of the spiriferid shell
Cyrtospirifer verneuili (Murchison 1840) and its subspecies
C. verneuili lonsdalii (Murchison, 1840) and C. verneuili
cuboides (Paeckelmann, 1942). These specimens were
found in the Frasnian beds of the Saimbeyli area, Adana
(not very far from Sivas) (Sayar et al., 2009).
Superfamily Ambocoelioidea George, 1931
Family Ambocoeliidae George, 1931
Genus Ambocoelia Hall, 1860
Ambocoelia umbonata (Conrad, 1842)
Pl. XV Figs. 12–19, 19a
1842 Orthis umbonata Conrad: organic remains. Acad.
Nat. Scien. Philadelphia Journal 8, p. 264, pl. 14,
fig. 4.
Materials: Deformed, depressed, partly decorticated,
incomplete, exteriors of eight ventral valves, Kulluk Hill.
KB. 31b; 61d; 133b; 143; 144; 145; 186a; 193.
Description: Shell small, slightly elongated, oval to
subpentagonal in outline; ventral valve strongly convex;
beak prominent, incurved; ventral interarea high;
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hinge-line straight, slightly shorter than the shell width;
extremities subacute; umbo gibbous; narrow ventral
sulcus originates from the beak, extends anteriorly;
front commissure rectimarginate; shell ornamented with
concentric growth lamellae. Dorsal valve unknown. L:
5.0–13.0 mm; W: 5.0–12.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Formation. Middle Devonian: (?Eifelian)–Givetian.
Remarks: The Kangal specimens differ from the holotype
found in the Middle Devonian beds in New York, USA,
by their slightly elongated and narrower shells. They
also differ from the Eifelian type Ambocoelia rogeri Drot
1956 from the Pré Saharien area of Morocco, by their
more elongated shell, incurved beak, and rectimarginate
anterior commissure (Drot, 1964, p. 86, pl. 8, figs. 1, 1a–c).
Genus Crurithyris George, 1931
Crurithyris cf. inflata (Schnur, 1853)
Pl. XI Figs. 1, 2
1853 Spirifer inflatus n.sp. Schnur: Paleontographica 3; p.
211, pl. 37, figs. 2a–d.
1971 Crurithyris inflata (Schnur, J., 1853); Brice: MoyenOrient. XI, Dévon. De l’Afghanistan. p. 88, pl. VI, fig.
1a–b, 2, text-fig. 20.
Materials: Two decorticated, deformed, depressed ventral
valves, Kulluk Hill, near Elkondu village. KB.42b; 164.
Description: Shell small, transversely oval, subtriangular
in outline; ventral valve convex; umbo gibbous; beak
incurved; hinge-line shorter than the shell width;
extremities rounded; anterior margin rectimarginate;
ventral interarea short; weakly preserved (depressed)
ventral sulcus extending anteriorly. Shell ornamented
with concentric growth lines, and also some weak spinules
and tiny dots (holes) as the spinule bases are radially
concentrically arranged partly on shell surface (Pl. XI,
Figures 1, 2). Dorsal valve unknown. L: 8.0–10.2 mm; W:
14.6–15.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate Formation. Middle–Upper Devonian:
Givetian–Frasnian.
Crurithyris inflata (Schnur, 1853) was collected from
the Gerolstein Limestone in the Harz area of Germany.
This species is also known in the Givetian- or Frasnianaged rocks of France, England, Spain, Poland, Russia,
Afghanistan, and Vietnam.
Remarks: The Kangal specimens Crurithyris cf. inflata
have lost some of their characteristic features. Without a
dorsal valve, they show close similarity to the holotype,
but differ by their subtriangular shell outline and weakly
preserved ventral sulcus.
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Superfamily Delthyridoidea Phillips, 1841
Family Hysterolitidae Termier & Termier, 1949
Genus Brachyspirifer Wedekind, 1926
Brachyspirifer carinatus (Schnur, 1853)
Pl. IV Fig. 7 (upper right)
1853 Spirifer carinatus Schnur: Brach., Palaeontographica
3, p. 202, pl. 33, figs. 2a–e.
2006 Brachyspirifer carinatus (Schnur, 1853); Johnson &
Hong-Fei: Revis. Brach., H. 5, p. 1830, fig. 1213,
4a–d.
Materials: A single incomplete exterior ventral valve,
embedded in the matrix along with Rhipidomella penelope
(lower left), Kulluk Hill, near Elkondu village. KB. 59c.
Description: Shell medium-sized, convex, transversely
oval, subpentagonal in outline. Umbo and mid-part
of shell convex, cardinal extremities embedded in the
matrix; from beak narrow-angled ventral sulcus enlarging
anteriorly; on flanks simple, rounded, radial ribs with fine
interspaces. Dorsal valve unknown.
Stratigraphic level and age: Specimen was collected from
the lower levels of the upper part of the Kangal Phyllite–
Slate Formation, together with the Middle Devonian:
Emsian–Eifelian type Rhipidomella penelope (Hall, 1843).
Low. Devonian–Mid. Devonian: Emsian–?Eifelian.
The holotype Brachyspirifer carinatus (Schnur, 1853)
and related taxa were found in the Emsian beds of Eifel,
Germany.
Remarks: This incomplete Kangal specimen of
Brachyspirifer carinatus (Schnur, 1853) (ventral valve)
shows affinity to Spirifer rhukensis Brice 1971 from the
Frasnian beds of Afghanistan, but differs by its angular
ventral sulcus and a less transverse shell outline (Brice,
1971, p. 211, pl. 5, figs. 2a–e).
Family Mucrospiriferidae Boucot, 1959
Genus Mucrospirifer Grabau, 1931
Mucrospirifer mucronatus (Conrad, 1841)
Pl. XVI Figs. 4–4a
1841 Delthyris mucronatus Conrad: Paleontology, N.Y.
Geol. Soc. Ann. Rept. 5; p. 54.
2006 Mucrospirifer mucronatus (Conrad, 1841); Johnson
& Hong-Fei: Brach. Revis. H. 5, p. 1843, fig. 1227,
4a–b.
Materials: One decorticated, incomplete external ventral
valve, Kulluk Hill, near Elkondu village. KB.54.
Description: Shell medium-to-large, strongly transverse,
moderately convex, elliptic oval, mucronate in outline;
hinge-line long and straight, extending to width of shell,
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extremities long and acute; beak small, moderately curved;
umbo gibbous; flanks less convex; smooth, shallow, ventral
sulcus from beak, enlarging anteriorly; 15–17 simple,
rounded, radial plications on each flank; narrower rounded
interspaces; shell ornamented by fine, faintly preserved
concentric growth lamellae. Dorsal valve unknown. L: 8.7
mm; W: 33.6 mm.
Stratigraphic level and age: Specimen was collected from
the lower levels of the upper part of the Kangal Formation.
Middle Devonian: Eifelian–Givetian.
The type specimens Mucrospirifer mucronatus (Conrad,
1841) and similar taxa were collected from Givetian
sediments in the Hamilton Group, New York, USA. Some
Mucrospirifer forms, closely related to Mucrospirifer
mucronatus, were collected from the Eifelian–Givetian
sediments in Germany, Poland, and northeast China.
Remarks: The Kangal specimen differs from the New York
holotype by its shorter mucronate extremities.
Genus Eleutherokomma Crickmay, 1950
Eleutherokomma cf. robatense Brice, 1971
Pl. XVI Figs. 1–1a, 2, 3
1971 Eleutherokomma robatense nov. sp. Brice: Dévon. De
l’Afghanistan, XI, Mus. Nat. d’Hist. Nat, Paris. p. 101,
pl. VI, figs. 8–12, text-fig. 24.
Materials: Single decorticated, deformed, incomplete
internal mould of conjoined valves (dorsal view;
weathered), two damaged (fragmentary) external moulds
of ventral valves, Kulluk Hill, near Elkondu village. KB.29;
56; 70 b.
Description:
Shell
small-to-medium,
biconvex,
moderately mucronate, transversely elliptic oval; beak
small; hinge-line long, straight, extending to width of shell;
extremities acute; ventral interarea and delthyrium partly
visible (Figure 1–1a), smooth, narrow ventral sulcus,
dorsal folds originating from beak. Shell ornamented by
10–12 simple, slightly angular radial plications on each
flank; fine concentric growth lamellae and faintly seen fila
and capilla. L: 4.0–5.3 mm; W: 9.5–19.0 mm.
Stratigraphic level and age: Specimens come from the
lower levels of the upper part of the Kangal Phyllite–Slate
Formation. Middle Devonian: Eifelian–Givetian.
The type specimens were collected from the Middle
Devonian: ?Givetian-aged marls, interbedded black
limestone–dolomites, in the Robat-e-Pai area of
Afghanistan.
Remarks: The Kangal materials differ from the holotype
by their moderately convex, less mucronate, transverse
elliptic shell outline.

Suborder Spiriferinidina Ivanova, 1972
Superfamily Syringothyridoidea Frederiks, 1926
Family Syringothyrididae Frederiks, 1926
Genus Syringothyris Winchell, 1863
Syringothyris sp.
Pl. XVI Fig. 5
Materials: Incomplete, deformed, decorticated external
ventral valve was collected from the highest levels of the
upper part of the Kangal Phyllite–Slate Formation, Kulluk
Hill, near Elkondu village. KB.156
Description: Shell medium-to-large, slightly deformed,
depressed, incomplete ventral valve; strongly convex,
subconical, moderately transverse, hinge-line long,
straight, extending to width of shell, ventral interarea
appears to be high; left extremity and antero-lateral part
broken; smooth narrow ventral sulcus originating from
beak; shell surface, 12–13 simple rounded, radial ribs on
each flank, narrower interspaces. The internal of ventral
valve and dorsal valve unknown. L: 13.3 mm; W: 15.0
mm. Upper Devonian–Lower Carboniferous: Upper
Famennian–Tournaisian.
Remarks: The Kangal material is insufficient for a specific
diagnosis. Its moderately transverse shell outline and
narrow ventral sulcus affected by lateral depression
and deformation. However, this specimen is similar to
the Tournaisian-aged Syringothyrisx cf. exoleta (North
1920), which has been determined as the lectotype of
Syringothyris exoleta North, 1920, from the Ty Nant area
in southeast Wales, UK (Bassett & Bryant, 2006, Palaeont,
49 (3), p. 520, pl. 17, figs. 6–11).
Order Terebratulida Waagen, 1883
Suborder Terebratulidina Waagen, 1883
Superfamily Stringocephaloidea King, 1850
Family Meganterididae Schuchert & Le Vene, 1929
Genus Reeftonella Boucot, 1959
Reeftonella aff. neozelanica (Allan, 1935)
Pl. XVI Figs. 13, 14–14a
1935 Meganteris neozelanica Allan: Reefton beds, New
Zeland Geol. Surv. Paleontology Bult. 14, p. 23, pl.
1–5.
1959 Reeftonella neozelanica (Allan, 1935); Boucot: Journ.
of Paleont. 33(5), p. 768, pl. 2.
2006 Reeftonella neozelanica (Allan, 1935); Lee: Brach.
Revis. H. 5, p. 2011, fig. 1331, 2a–c.
Materials: Decorticated, incomplete internal moulds of
one ventral and one dorsal valve, Kulluk Hill, near Elkondu
village. KB.49; 49 a.
Description: Shell small to medium, moderately biconvex,
subcircular–oval; beak small, hinge-line shorter than the
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shell width; extremities, lateral and front margins rounded,
comissure rectimarginate. The ventral-valve internal
mould features a broken right flank, short dental plates,
stout teeth, cordate-subcircular muscle scars, and a fine,
long median septum (extending to 2/3 of the shell length).
The dorsal-valve internal mould exhibits a half-broken
anterior, two large sockets, a subcircular-to-cordate muscle
area, a faintly preserved median ridge (myophragm), and
a smooth shell surface. Exterior of the valves unknown. L:
19.5 mm; W: 16.0–18.0 mm.
Stratigraphic level and age: Specimens were collected
from the lower levels of the upper part of the Kangal
Phyllite–Slate. L. Devonian–M. Devonian: Emsian–
Eifelian.
Remarks: The Kangal materials Reeftonella aff. neozelanica
show close affinity to the holotype collected from the Lower
Devonian (Emsian)-aged Reefton beds in the Lankey
Creek area of Reefton, New Zealand, but differ by their
smaller size, more pointed beak, and wider dorsal muscle
area (Boucot et al, 1963, Bult. Amer. Paleont. 46 (207) p.
117, pl. 38, figs. 1–8). The internal mould of ventral valve
from the Kangal area shows close similarity to pl. 38, figs.
7, 8.
Superfamily Cryptonelloidea Thomson, 1926
Family Cryptonellidae Thomson, 1926
Genus Cryptonella Hall, 1861
Cryptonella cf. rectirostra (Hall, 1860)
Pl. XVI Figs. 8–8a, 9–11
1860 Terebratula rectirostra Hall: Palaeontology. New York,
Nat. Hist. Rept. 13, p. 88.
1867 Cryptonella rectirostra (Hall, 1860); Hall:
Brachiopoda, Upp. Helderberg, Paleont. New York, 4
(1), p. 94, pl. 61, figs. 1–8.
2006 Cryptonella rectirostra (Hall, 1860); Yu-Gan & Lee:
Brach. Revis., H. 5, p. 2024, fig. 1340 6a–c.
Materials: Decorticated, deformed one internal mould
of conjoined valves and three internal moulds of ventral
valves, Kulluk Hill, Elkondu Village. KB.34; 36a; 58a; 61a.
Description: Shell small-to-medium, ventribiconvex,
elongately oval in outline; beak small, straight to suberect;
umbo swollen; hinge-line short. Extremities, lateral and
anterior margins rounded; front comissure rectimarginate;
dental plates short; ventral muscle area large, elliptic, and
bisected by a small median ridge; smooth shell surface
with some concentric growth lines. L: 9.6–18.0 mm; W:
10.6–14.0 mm; T: 11.0 mm.
Stratigraphic level and age: The Kangal specimens were
collected from the lower levels of the upper part of the
Kangal Phyllite–Slate Formation. Middle Devonian:
Eifelian–Givetian.
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Remarks: Cryptonella cf. rectirostra shows close similarity
to the holotype Cryptonella rectirostra (Hall, 1860) from
the Middle Devonian-aged Hamilton beds in the New
York area, USA, but differs by its less rostrate beak and
more rounded elliptic shell outline.
6. Conclusions
This present study indicates the evidence of low
metamorphic benthic shelly fauna collected, analyzed, and
described from the uppermost (150 m) successions of the
“Kangal Phyllite–Slate Formation”, Sivas, Turkey, for the
first time. These low grade metamorphic basement rocks
(greenschist > 1000 m) have good schistosity and belong
to the Eastern Taurid Belt.
The about 400 registered fossils studied were
dominantly 95% Brachiopods collected from the certain
stratigraphic levels in one locality, “Fossil Finding Locality”
with 3% Bryozoan and Pelmatozoan; 2% Corals (Rugosa)
and Trilobites. The age of the uppermost (150 m) beds of
this formation was designated by using the determined
brachiopods. Thus the following stages and substages of
the Devonian and Carboniferous have been assigned as
follows:
1. Pragian–Emsian; 2. Eifelian–Givetian; 3. Frasnian–
Famennian–Etroeungtian–(Strunian); 4. “Devonian–
Carboniferous boundary”; 5. Tournasian and Lower
Tournasian=Hastarian (p.7, 16, 18); 6. Viséan and Lower
Asbian=V3b (p.29). The faunal composition and age of
the “Kangal Phyllite–Slate Formation” correlated with
the “Type Localities” and related areas, show that the
brachiopods and associated taxa are closely affiliated with
the Meditarranean, northwest European Faunal Provinces,
and part of the Transcaucasian Region. The microfossils
(Foraminifera and Algea) of the “Düzce Recrystallized
Limestone Member” belong to the Tethyan Region.
This study comprises only the uppermost part (150
m.) of the “Kangal Phyllite–Slate Formation” (>1000).
Here, below this successions there are more than 850–
900 m of the lower sedimentary rocks older than the
Devonian sequences. These rocks might be deposited
in the Early Paleozoic time. Thus, it is necessary to find
new fossiliferous localities in this region. Although some
lithologic evidence as the “Hirnantian glaciation” are
recorded in the Taurid area, no “Hirnantian fauna” are
yet to be found or reported in the Taurids (Monod et al.,
2003). On the other hand, in the Tufanbeyli and Saimbeyli
areas (Kayseri, Adana), the Paleozoic-aged sedimentary
successions and including fossils are unmetamorphic.
However, the Paleozoic sediments, contemporarily and
comparatively similar to the “Kangal Phyllite–Slate
Formation”, possess low metamorphic characters affected
by the oriented pressure and heat (250–350 °C) resulting
from the regional metamorphism of the Alpine orogenesis.
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Explanation of Plates
I–XVI
Fossils were coated with ammonium chlorite

PLATE I
Orbiculoidea sp.
Upper Devonian
Figure 1–1a. External ventral valve, KB.151, right margin broken, concentric lines on left flank, ×2.
(1: natural; 1a: ammonium coated).
Acanthocrania quadrata (M’COY, 1844)
Lower Carboniferous (Viséan)
Figure 2–2a. Internal mould of ventral valve, KB.250, muscle scars, deformed, damaged, 2b. Internal mould of
dorsal valve, KB.250b. Purple Bryozoan Schist, ×3 (2: natural; 2a–b: ammonium coated).
Proschizophoria cf. personata (ZEILER, 1857)
(Low.-Mid. Devon.: Pragian–Eifelian)
Figure 3. External dorsal valve, KB.52b, radial, concentric shell ornaments, ×2.3.
Figure 4. Internal mould of dorsal valve, KB.47, depressed, sulcus, cardinal process, brachiophores, ×3.
Figure 5–5a. Dorsal internal external view of posterior half, muscle scars, KB.113-KB.113a, ×2.
Figure 6. Internal mould of dorsal valve, KB.57c, cardinal process, brachiophores, muscle scars, lower-left
Athyris concentrica (Von Buch, 1834), KB.57a, ×2.2.
Figure 7–7a. Internal mould of ventral valve, KB.61g’, dental plates, muscle scars, ×3.
(7: natural; 7a: ammonium coated).
Figure 8. Internal mould of dorsal valve, KB.222, muscle scars, dorsal sulcus, ×2.
Figure 9–10. Ventral–dorsal internal mould of conjoined valves, KB.115a, ×2 and 2.2.
Figure 11. Dorsal valve internal mould, KB.185c, brachiophores, muscle scars, ×2.
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PLATE II
Cariniferella carinata (HALL, 1843)
Upp. Devon.: Frasnian
Figure 1. Internal mould of ventral valve, KB.108, ventral fold, dental plates, radial ribs, ×3.
Figure 2–2a. Internal mould of ventral valve, KB.161, bilobed, oval, muscle scars, dental, plates, ×2.
(2: natural; 2a: ammonium coated).
Figure 3–4, 4a. Dorsal valve internal mould, external view, KB.52’, dorsal sulcus, brachiophores, cardinal
process, 4: dorsal external, KB.52. Dorsal sulcus, radial ribs, concentric growth lines, ×2.
(4: natural; 4a: ammonium coated).
Figure 5. Internal mould of ventral valve, KB.112a, right-laterally broken, dental plates, depressed fold, ×3.
Figure 6. Internal mould of dorsal valve, KB.76a, narrow dorsal sulcus, brachiophores, muscle scars, ×2.
Figure 7. Internal mould of dorsal valve, KB.109, transverse oval (depressed), brachiophores, cardinal
process (hole), weak sulcus, ×3.
Figure 8. Internal mould of dorsal valve, KB.101, depressed, oval, sulcus, brachiophores, quadripartite
muscle scars, ×2.
Figure 9. Internal mould of dorsal valve, KB.100, elongated oval (depressed), brachiophores, cardinal pro
cess (hole), weak sulcus, ×2.
Figure 10. Internal mould of dorsal valve, KB.112, transverse oval (depressed), brachiophores, dorsal sulcus,
×3.
Figure 11. Internal mould of dorsal valve, KB.114, depressed, weak sulcus, ×2.
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PLATE III
Cariniferella carinata (HALL, 1843)
Upp. Devon.: Frasnian
Figure 1. Internal mould of dorsal valve, KB.105, weak sulcus, divergent brachiophores, ×3.
Figure 2. Internal mould of dorsal valve, KB.111; laterally depressed, median sulcus, ×3.
Figure 3. Internal mould of dorsal valve, KB.8 transverse oval (depressed), divergent brachiophores,
median sulcus, ×3.

Rhipidomella penelope (HALL, 1843)
Middle Devon.: Givetian
Figure 4–4a. Internal mould of ventral valve, KB.61b, small circular adductor, elliptic diductors, ×2
(4: natural; 4a: ammonium coated).
Figure 5. Internal mould of ventral valve, KB.58b, dental plates, muscle scars, radial ribs, ×3.
Figure 6–7. Internal–external view of the ventral valve, KB.61f-KB.61f ’, transverse oval, dental plates, muscle scars;
multicostellate shell, concentric growth lines, ×3.
Figure 8. External dorsal valve, KB.59d, multicostellate shell, concentric growth lines, ×3.
Figure 9. Internal mould of ventral valve, KB.94, anterior half- broken, pedicle callist, dental plates, ×3.
Figure 10. External mould of dorsal valve, KB.66, depressed, radial ribs, ~ ×2
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PLATE IV

Rhipidomella penelope (HALL, 1843)
Middle Devon.: Emsian–Givetian
Figure 1. Internal mould of ventral valve, KB.109a, front part broken, dental plates, ×3.
Figure 7. External of dorsal valve (lower left), KB.59c, multicostellate shell; upper right:
Brachyspirifer carinatus (Schnur, 1853) incomplete ventral valve, angular sulcus, radial costae, ×2.
Figure 8–9. Counterparts of KB.61h’-KB.61h, external–internal moulds of a hand specimen, ×2.
Rhipidomella divaricata (M’COY, 1844)
Low. Carbon.: Tournaisian
Figure 2. Internal mould of ventral valve, KB.84, dental plates, muscle scars: small oval adductor, elliptic,
flabellate diductors, ×2.4.
Figure 3. Internal mould of ventral valve, anterior part broken, KB.59b, dental plates, muscle scars, ×3.
Figure 4. Internal mould of dorsal valve, KB.79, divergent brachiophores, quadripartite muscle scars, radial ribs, ×3.
Figure 5, 6. Internal moulds of the fragmentary ventral valves, KB.88; KB.89, dental plates, partial muscle scars, ×3.
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PLATE V
Rhipidomella divaricata (M’COY, 1844)
Low. Carbon.: Tournaisian
Figure 1–1a. Internal mould of dorsal valve, KB.103, depressed, brachiophores, quadripartite muscle scars
(1: natural; 1a: ammonium coated), ×2.
Figure 2. Internal mould of dorsal valve, KB.104, anteriorly compressed, lobate cardinal process (hole),
muscle scars, ×2.
Figure 3. Internal mould of dorsal valve, KB.86a, transverse oval (crushed), cardinal process, brachiophores, ×2.5.
Figure 5–6. Ventral–dorsal internal mould of the juvenile form of the conjoined valves, KB.65, ×3.
Douvillina sp.
Upper Devonian: ?Eifelian–Frasnian
Figure 4. Internal mould of dorsal valve, KB.58c, straight, denticulate hinge-line, parvicostellate shell, ×3.
Rhipidomella michelini (LÉVEILLÉ, 1835)
Lower Carboniferous: Viséan
Figure 7–8. Ventral–dorsal internal mould of juvenile conjoined valves, KB.213, black phyllite-calkschist, ×3.
Figure 9. External mould of ventral valve, KB.228, radial ribs, concentric growth lines, purple bryozoan schist, ×3.
Figure 10–11. Ventral–dorsal internal mould of conjoined valves, KB.211, purple bryozoan schist, ×3.
Figure 12. Internal mould of dorsal valve, KB.224, cardinal process, brachiophores, muscle scars,
purple bryozoan schist, ×3.
Figure 14. Exterior of dorsal valve, KB.212, shallow sulcus, radial ribs, concentric growth lines;
black phyllite-calkschist, ×3.
Figure 15. Internal mould of ventral valve, KB.220, right flank strongly depressed, dental plate, radial ribs;
purple bryozoan schist, ×3.
Drahanorhynchus sp.
Lower Carboniferous: Tournaisian–Viséan
Figure 13. Internal mould of ventral valve, KB.235, muscle scars, radial ribs, purple bryozoan schist, ×2.
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PLATE VI
Rhipidomella michelini (LÉVEILLÉ, 1835)
Lower Carboniferous: Viséan
Figure 1–1a. Internal mould of dorsal valve (damaged), KB.225, purple bryozoan schist, ×3.
(1: natural; 1a: ammonium coated).
Figure 2–3. Ventral–dorsal view of the internal mould of the juvenile conjoined valves, KB.214,
black phyllite-calkschist, ×4.
Figure 4. Exterior of dorsal valve (juvenile), KB.230, incomplete, weak sulcus, radial ribs, purple bryozoan schist, ×3.
Plathyorthis cf. planoconvexa (HALL, 1859)
Low.-Mid. Devon.: Emsian–Eifelian.
Figure 5. Internal mould of ventral valve anteriorly broken, KB.90, muscle scars, ×3.
Figure 6. Internal mould of ventral valve KB.87, beak broken, ×3.
Figure 7. Internal mould of ventral valve KB.92, anterio-lateral margin broken, dental plates, muscle scars,
Kangal phyllite-slate beds, ×3.
Figure 8. Exterior ventral valve, KB.55a’, deformed, multicostellate, Kangal phyllite-slate beds, ×1.5.
Leptaena cf. dicax GARCIA-ALCALDE, 1981 (nomen nudum)
Low. Devonian: Upper Emsian–(?Eifelian)
Figure 9. Internal mould of ventral valve (anteriorly compressed), KB.40, long hinge-line, muscle scars,
Kangal phyllite-slate beds, ×3.
Leptagonia cf. analoga (PHILLIPS, 1836)
Lower Carboniferous: Viséan
Figure 10. Internal mould of ventral valve, KB.215, left flank depressed, ×4.
Figure 11. Internal mould of ventral valve, KB.35a, deformed, subquadrate muscle scars, purple bryozoan schist, ×3.
Protoleptostrophia sp.
Mid.-Upp. Dev.: Givetian–Frasnian
Figure 12–12a. Posterior view of the decorticated conjoined valves (depressed), KB.50a, dental plates, ventral process,
dorsal septum, ×2. (12: natural; 12a: ammonium coated).
Nervostrophia sp.
Middle–Upper Devonian: Givetian–Frasnian
Figure 13–13a. Internal mould of ventral valve, KB.16, extremities broken, radial ribs, ×3.
(13: natural; 13a: ammonium coated).
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PLATE VII
Douvillina aff. distans IMBRIE, 1959
Mid.-Upp. Dev.: Givetian-Frasnian
Figure 1–1a. Internal mould of ventral valve (fragmentary), KB.61c, right flank broken, faint muscle scar, ×3.
(1: natural; 1a: ammonium coated).
Schellwienella sp.
Upper Devonian
Figure 2. Dorsal view of a conjoined valves internal mould, KB.51, ×3.
Figure 3. Internal mould of ventral valve, KB.152, antero-lateral part broken, divergent dental plates, radial ribs, ×3.
Schuchertella cf. parva (HALL, 1871)
Upper Devonian : Frasnian - Famennian
Figure 4. Internal mould of ventral valve, KB.36e, dental plates muscle scars, ×3.
Figure 5-6. External–internal view of the ventral valve, KB.195a–KB.195, radial ribs, dental plates, muscle scars, ×3.
Douvillina sp.
Upper Devonian: ?Eifelian–Frasnian
Figure 7–7a. External mould of dorsal valve, KB.60, right flank broken, radial ribs on shell, ×2.5.
(7: natural; 7a: ammonium coated).
Figure 9. Internal mould of dorsal valve, KB.86b, anterior, left lateral margin broken, hinge line denticles,
muscle scars, ×3.
Drahanorhynchus sp.
Lower Carboniferous: Tournaisian–Viséan
Figure 8. Ventral valve external mould, KB.185b, left posterior, cardinal extremity broken, fine radial ribs, ×3.
Telaeoshaleria sp.
Middle Devonian: Eifelian–Givetian
Figure 10–10a. Internal mould of ventral valve, KB.185e, faint sulcus, muscle scars, ×3.
(10: natural; 10a: ammonium coated).
Figure 11. Internal mould of ventral valve, KB.185d, right flank broken, muscle scars, ×2.
Figure 12. Internal mould of ventral valve, KB.42a, muscle scars, ×2.5.
Chonetes aff. sarcinulatus (SCHLOTHEIM, 1820)
Lower Devonian: Emsian
Figure 13. Internal mould of ventral valve, KB.6, median septum, elongate muscle scars, ×3.
Figure 14–14a. Internal mould of ventral valve, KB.108a, ×2 (14: natural; 14a: ammonium coated).
Figure 15. Attached, internal moulds of the two dorsal valves, KB.174, cardinal extremities broken, ×3.
Strophochonetes cf. tenuicostatus (OEHLERT, 1877)
Middle Devonian: Eifelian
Figure 16–16a. Internal mould of ventral valve, deformed, KB.51c, ventral cardinalia, concentric growth lines, ×3.
(16: natural; 16a: ammonium coated).
Figure 17–17a. Internal mould of ventral valve, KB.185f, dental plates, short median septum,
concentric growth lines, ×3 (17: natural; 17a: ammonium coated).
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PLATE VIII
Anoplia aff. nucleata (HALL, 1857)
Low. Devon.-Mid. Devon.: Upper Emsian–Eifelian
Figure 1. External ventral valve, KB.125, deformed specimen, ×2.
Figure 2. Internal mould of ventral valve, KB.235a, deformed, right flank broken, ventral septum, ×3.
Figure 5. Internal mould of dorsal valve, deformed specimen, KB.18, ×3.
Figure 6. Internal mould of ventral valve, beak broken, median septum visible, KB.57d, ×3.
Anopliopsis subcarinata (GIRTY, 1926)
Low. Carbon.: Tournaisian–Low. Viséan
Figure 3–4. Ventral–dorsal view of the internal mould of conjoined valves, KB.178, ×4.
Figure 7–7a. Internal mould of ventral valve, KB.3, median septum, left postero-lateral margin broken, ×3.
(7: natural; 7a: ammonium coated).
Figure 29–29a. External ventral valve, KB.217, narrow sulcus, hinge-line spines, ×3i( 29: natural; 29a: ammonium coated).
Plicanoplia cf. umbocostata (RACHEBOEUF, 1981)
Low. Devon.–Mid. Devon.: Upper Emsian–Eifelian
Figure 8. Internal mould of incomplete ventral valve, KB.2, anterior margin-left flank, folded dorsally (depressed), ×3.
Figure 9. Internal mould of incomplete ventral valve, KB.1, extremities broken, ×3.
Retichonetes armatus (BOUCHARD-CHANTEREAUX, 1845)
Upper Devonian: Frasnian
Figure 10. Internal mould of ventral valve, KB.15, dental plates, median septum, ×3.
Figure 11–12. Ventral–dorsal internal mould of the flattened conjoined valves, KB.177, cardinal extremities broken, ×2.7.
Figure 13–13a. Internal mould of ventral valve, KB.170, right cardinal extremity broken, ×3 (13: natural; 13a: ammonium coated).
Plicochonetes ventricosus (TORNQUIST, 1895)
Upp. Devon.: Uppermost Famennian: Etroeungtian
Figure 14. Internal mould of dorsal valve, KB.192, deformed, median septum, muscle scars, ×2.
Figure 15–15a. Internal mould of ventral valve, KB.17, left cardinal extremity broken, ×3 (15: natural; 15a: ammonium coated).
Figure 16. Internal mould of dorsal valve, KB.183, cardinal area broken, ×3.
Figure 17. Internal mould of ventral valve, KB.184, anterior margin broken, ×3.
Figure 18–18a. Internal mould of ventral valve, KB.5, slightly deformed, ×3 (18: natural; 18a: ammonium coated).
Figure 19–19a. Internal mould of ventral valve, KB.4, strongly deformed, ×3 (19: natural; 19a: ammonium coated).
Plicochonetes cf. elegans (DE KONINCK, 1847)
Lower Carboniferous: Tournaisian–Viséan
Figure 20. Internal mould of ventral valve, KB.175, left lateral margin broken, ×3.
Figure 21. Internal mould of dorsal valve, KB.182, juvenile form, ×3.
Figure 22. Internal mould of ventral valve, KB.252, purple bryozoan schist (weathered), ×3.
Figure 23. External ventral valve, KB.247, juvenile form, radial ribs, black calkschist, ×3.
Figure 24–24a. Internal mould of dorsal valve, KB.241, septum, radial ribs (24: natural; 24a: ammonium coated), ×3.
Figure 25–25a. External ventral valve, KB.248, right cardinal extremity broken, radial ribs, black calkschist (25: natural; 25a:
ammonium coated), ×3.
Megachonetes sp.
Lower Carbon.: Tournaisian–Viséan
Figure 26. Internal mould of dorsal valve, KB.37, strongly deformed, flattened, cardinal process, radial capillae, ×3.
? Leptochonetes sp.
Lower Devonian: Pragian–Emsian
Figure 27. Internal mould of ventral valve, KB.172, median costa faintly visible, ×3.
Figure 28. Internal mould of ventral valve, KB.173, median costa faintly visible, ×3.

15

SAYAR et al. / Turkish J Earth Sci
PLATE VIII

1

4

3

2

7a

7

6
5

11

12

10

15

9

13a

19

19a

18a

18

17

16

15a

14
13

8

24
21

23

20

22

24a
28

27

25

26
16

29

29a

25a

SAYAR et al. / Turkish J Earth Sci
PLATE IX
Araksalosia maxima (ABRAMJAN, 1957)
Upp. Devon.: Uppermost Famennian: Etroeungtian
Figure 1. External ventral valve, KB.74, shell cooked, radial spine ridges, ×2.3.
Figure 3. External ventral valve, anterior margin–right flank crushed, beak, concentric rugae on left, KB.209,
×3.
Figure 4–5. Ventral–dorsal internal mould of flattened conjoined valves, KB.20, ×3.
Productella aff. ultima PAECKELMANN, 1931
Upp. Devon.-Low. Carbon.: Etroeungtian–Tournaisian
Figure 2–2a. Internal mould of ventral valve, KB.166, antero-lateral margin broken, ×3. (2: natural; 2a: ammonium
coated).
Orbinaria aff. pyxidata (HALL, 1858)
Upp. Devon.-Low.Carbon.:
Uppermost Famennian (Etroeungtian+Low. Tournaisian: Hastarian)
Figure 6–7. External–internal mould of dorsal valve, KB.57b, fine concentric lamellar shell ornament, dorsal septum,
same specimen KB.57b’, ×3.
Figure 8. Internal mould of dorsal valve, deformed, KB.70a, dorsal septum, ×3.2.
Chonopectus sp.
Lower Carboniferous: Viséan
Figure 9–9a. Internal mould of ventral valve, KB.242, anterior margin broken, a few spines on hinge-line, ×3
(9: natural, 9a: ammonium coated).
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Strophoproductus cf. hystriculus (HALL, 1867)
Upper Devonian: Frasnian
Figure 1–1a. Dorsal valve exterior view of the flattened conjoined valves, KB.138, circular foramen, elongate spine
bases, ×2 (1: natural; 1a: ammonium coated).
Figure 2. Internal mould of dorsal valve, KB.139, cardinal process, concentric rugae, ×2.5.
Whidbornella caperata (SOWERBY, 1840)
Upp. Devon.: Uppermost Famennian (Etroeungtian)
Figure 3–4. Ventral–dorsal internal view of the decorticated, flattened conjoined valves,
KB.22, (shell cooked) spine traces, median septum, muscle scars, ×3.
Figure 5. Internal mould of dorsal valve, KB.167, posterior and umbonal view, depressed, septum, cardinal process, ×3.
Figure 6. External view of the ventral valve, KB.21, decorticated, strongly depressed anteriorly, (left flank crushed),
umbo with concentric rugae, ×5.
Figure 7. External ventral valve, KB.221, deformed, damaged, radial costae on left flank, ×3.
Mesoplica praelonga (SOWERBY, 1840)
Upp. Devon.: Uppermost Famennian (Etroeungtian)
Figure 8. Internal mould of ventral valve, KB.44, left flank depressed, ×1.7.
Figure 9–9a. Internal moulds of ventral valves, KB.59e, decorticated, radial costae, ×3.
Figure 10. External impression of dorsal valve, KB.42d, deformed, radial costae, ×3.
Planoproductus cf. hilsboroensis (KINDLE, 1909)
Upp. Devon.: Uppermost Famennian (Etroeungtian)
Figure 11–11a. External view of ventral valve, KB.31, deformed, umbo damaged, ×2.
Figure 12. Shell detail of the same specimen, ×3 (11a: ammonium coated).

19

SAYAR et al. / Turkish J Earth Sci
PLATE X

F

CP

2

1a

1

4

3

6

5
26
27
28
29

11

11a

7 12

9
20

9a

8

10

SAYAR et al. / Turkish J Earth Sci
PLATE XI
Crurithyris cf. inflata (SCHNUR, 1853)
Middle–Upper Devonian: Givetian–Frasnian.
Figure 1. Decorticated, deformed, exterior of ventral valve, KB.42b, concentric growth lines with faint spinules,
small dots (spinule bases), ×3.
Figure 2. Decorticated, deformed, exterior of ventral valve, KB.164, concentric growth lines, some spinules,
small dots (spinule bases), ×3.
Tabarhynchus sp.
Upper Devonian: Frasnian
Figure 3–4. Internal mould of ventral–dorsal view of the decorticated, flattened, conjoined valves, KB.7,
dorsal septum, ×2.5.
Callipleura cf. nobilis (HALL, 1860)
Middle Devonian: Givetian
Figure 5. Internal mould of dorsal valve, KB.205, right flank broken, ×3.
Figure 6. External dorsal valve, KB.62a, radial ribs from beak, depressed, ×2.4.
Figure 7. Dorsal view of decorticated conjoined valves, KB.117, foramen, radial ribs, concentric growth lines, ×3.4.
Figure 8. Internal mould of ventral valve, KB.43e, incomplete, depressed, ×3.
Figure 9. Internal mould of ventral valve, KB.36c, incomplete, deformed, ×3.
Cupularostrum recticostatum SARTENAER, 1961
Middle Devonian: Givetian
Figure 10. Internal mould of dorsal valve, KB.51a, radial costae, long median septum, ×2.
Figure 11. Dorsal internal view of the conjoined valves embedded in the matrix, KB.187a,
ventral interarea, deltidial plates, dorsal septum, ×2.5.
Figure 12–12a. Internal-external moulds of ventral valve (juvenile form), KB.194–KB.194a, dental plates,
radial ribs, ×2.
Uncinulus pila (SCHNUR, 1851)
High. Low. Devon.–Mid. Devon.: Upper Emsian–Eifelian
Figure 13. Ventral internal mould of conjoined valves, embedded in the matrix, KB.116, deformed, weathered,
muscle scars, median septum, ×2.
Figure 13a. Uncinulus pila (SCHNUR,1851) the “holotype p. 186, pl. 26, fig. 1d, (Schnur, 1853)”.
Hypothyridina cuboides (SOWERBY, 1840)
Upper Devonian: Frasnian
Figure 14. External dorsal valve, KB.33, depressed, right antero-lateral margin broken, ×2.
Figure 14a–15. External view of dorsal valve, KB.33, internal mould of ventral valve, KB.33a, depressed, weathered,
fine radial ribs, concentric growth lines, ×2.
Planoproductus cf. hilsboroensis (KINDLE, 1909)
Upper Devonian: Uppermost Famennian: Etroeungtian
Figure 16–16a. External view of dorsal valve, KB.31a, right extremity damaged, concentric rugose ornament;
16a: External view of the decorticated ventral valve, KB.43f (ammonium coated), ×2.
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Leptocaryorhynchus sp.
Upper Devonian: Famennian
Figure 1–2. Ventral–dorsal view of the decorticated conjoined valves, KB.25, deformed, depressed, small dental plates,
rectangular tongue, ×5.
Figure 3. Internal mould of ventral valve, KB.223, dental plates, muscle scars, ×4.
Figure 4. Exterior of dorsal valve, decorticated, depressed, KB.43, dentate anterior comissure, ×3.
Camarotoechia aff. congregata (CONRAD, 1841)
Middle Devonian: Givetian
Figure 5. Internal–external mould of ventral valve, KB.77, on left: beak, dental plates, strong radial ribs. KB.77’ on
right: ventral external, reverse sulcus, radial ribs, ×3.
Figure 6. Internal mould of ventral valve, KB.26, crushed, beak, dental plates, strongly depressed laterally, ×5.
Figure 7. External mould of ventral valve, KB.78a, beak broken, radial ribs, ×3.
Figure 8. Internal mould of ventral valve, KB.218, depressed, dental plates, ×2.5.
Figure 9. Internal mould of dorsal valve, KB.57e, long median septum, ×1.5.
Ptychomaletoechia cf. turanica (ROMANOWSKI, 1880)
Upper Devonian: Famennian
Figure 10. Internal mould of ventral valve, KB.198, beak, ventral sulcus dental plates, ×3.
Figure 11. Internal mould of ventral valve, KB.197, beak, strong dental plates, ×3.
Figure 12. Internal mould of dorsal valve, KB.122, depressed, median septum, ×3.
Figure 13. External view of dorsal valve, KB.185g, strong ribs, faintly folded, ×2
Figure 14. Internal mould of ventral valve of the depressed conjoined valves, KB.134,
strong dental plates, radial ribs, ×3.
Figure 15. Internal mould of depressed dorsal valve, KB.127a, median septum, ×3.5.
Figure 16, 17. Juvenile forms, fewer radial costae, 16. Internal mould of ventral valve, KB.165b; 17. External mould of
dorsal valve, KB.193a, ×3.
Cupularostrum cf. contracta (HALL, 1843)
Upper Devonian: Frasnian
Figure 18. Posterior view of decorticated conjoined valves, KB.133d, beak, dental plates, dorsal median septum, ×3.
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Camarotoechia multicosta (HALL, 1860)
Middle Devonian: Givetian
Figure 1. Internal mould of ventral valve, KB.204, deformed, simple radial costae from beak, ×3.
Figure 2. Internal mould of deformed ventral valve, KB.61i, anterior margin partly broken, ×3.
Figure 3. Internal mould of dorsal valve, KB68a, median septum, radial costae, dorsal fold depressed, ×2.4.
Figure 4. Internal mould of dorsal valve, KB.203, median septum, septalium, ×2.5.
Figure 5. Dorsal view of the internal mould of conjoined valves, KB.10, depressed, median septum, septalium, ×3
Figure 7. Internal mould of ventral valve, KB.131, incomplete, dental plates, radial costae, ×3.
Schuchertella sp.
Upper Devonian: Famennian
Figure 6–6a. Internal mould of ventral valve, KB.26, depressed, dental plates, muscle scars, radial ribs concentric fila, ×3.
(6: natural; 6a: ammonium coated).
Cupularostrum cf. contracta (HALL, 1843)
Upper Devonian: Frasnian
Figure 8. Internal mould of ventral valve, KB.199, dental plates, simple radial costae ×3.
Figure 9. Internal mould of dorsal valve KB.11, septalium, median septum, radial costae, ×3.
Figure 10. Posterior view of the decorticated conjoined valves, KB.133, crushed, beak dental plates, septum, ×3.
Figure 11. External mould of ventral valve, KB.59f, deformed, simple radial ribs, ×3.
Figure 12. Internal mould of an incomplete ventral valve, KB.169, beak, dental plates, ×3.
Figure 13. Internal mould of dorsal valve, KB.132, septalium, median septum, ×2.
? Paurorhyncha sp.
Upper Devonian: Famennian
Figure 14–14a. Posterior view of the decorticated conjoined valves, KB.158, crushed posteriorly, dental plates,
septalium, median septum, ×3 (14: natural; 14a: ammonium coated).
Rhynchopora ? aff. morini DROT, 1964
Upper Devonian: Famennian
Figure 15–15a. Dorso-ventral view of the depressed conjoined valves, KB.24, circular foramen, ventral interarea,
weak radial undulations (costae), ×3 (15: natural; 15a: ammonium coated).
Tretorhynchia cf. trilatera (DE KONINCK, 1843)
Lower Carbon: Viséan
Figure 16. Internal mould of ventral valve, KB.28, dental plates, radial costae, endopuncta traces on shell, ×3.
Figure 17. Internal mould of dorsal valve, KB.48a, dorsal median septum, radial costae from beak, ×3.
Figure 20. Internal mould of ventral valve, KB.195b, incomplete, dental plates, ×3.
? Greira sp.
Upper Devonian: Lower Famennian
Figure 18–19. Ventral–dorsal view of internal mould of the flattened conjoined valves, KB.136, strongly depressed,
dental plates, two large sockets, long median septum, elongated tongue, radial costae, ×4.
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Atrypa depressa SOBOLEV, 1904
Middle Devonian: Givetian
Figure 1–1a. Internal mould of ventral valve, KB.68, depressed, muscle scars, ×2 (1: natural; 1a: ammonium coated).
Figure 2. External mould of ventral valve, KB.187, fine radial ribs, concentric growth lines, ×2.5.
Figure 4. External mould of ventral valve, KB.35, fine radial ribs, concentric growth lines, ×3.
Figure 5. Incomplete external ventral valve, KB.187b, shell ornament, posterior half broken, ×3.
Spinatrypa aspera aspera (SCHLOTHEIM, 1813)
Middle Devonian: Upper Eifelian-Givetian
Figure 3–3a. Decorticated dorsal valve internal view of a conjoined valves internal mould (juvenile),
KB.42c, median septum, radial costae, concentric growth lines, ×3 (3: natural; 3a: ammonium coated).
Figure 6–6a. Internal mould of decorticated ventral valve, KB.188, dental plates, muscle scars, radial costae, concentric
growth lines, ×3 (6: natural; 6a: ammonium coated).
Desquamatia subzonata BIERNAT, 1964
Middle Devonian: Givetian
Figure 7. External mould of ventral valve, deformed, KB.186, foramen, ventral area, radial ribs interrupted by
concentric growth lines, ×3.
Figure 8. External ventral valve, KB.189, radial ribs interrupted by concentric growth lines, ×3.
Desquamatia cf. circulareformis BIERNAT, 1964
Middle Devonian: Givetian
Figure 9–9a. Decorticated ventral valve, KB.24, beak, dental plates, faintly preserved, fine radial ribs, concentric fila, ×3
(9: natural; 9a: ammonium coated).
Athyris concentrica (VON BUCH, 1834)
Middle Devonian: Eifelian
Figure 10–10a. Internal mould of ventral valve, KB.62, dental plates, muscle scars, 10a. Lateral view of the same
specimen, KB.62, beak dental plates, ×2.
Figure 11. Internal mould of dorsal valve, (deformed), KB.57a, concentric lamella, ×3.
Figure 12. Internal mould of ventral valve, (strongly depressed), KB.189a, left half and anterior margin folded
dorsally, ×3.
Figure 13. Internal mould of dorsal valve, deformed, KB.75 b, muscle scars, ×3.
Figure 14. Internal mould of ventral valve, KB.30, left postero-lateral margin broken, shallow sulcus from beak, ×4.
Figure 15–15a. Interior of the dorsal valve (decorticated juvenile) KB.133a, laterally directed spiralia, ×4
(15 natural; 15a ammonium coated).
Lamellosathyris cf. lamellosa (LÉVEILLÉ, 1835)
Lower Carboniferous: Tournaisian and Viséan
Figure 16–17. Ventral–dorsal internal view of the internal mould of conjoined valves, KB.210, dental plates in
ventral valve; sockets, muscle scars in dorsal valve, purple bryozoan schist, ×3.
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Lamellosathyris cf. lamellosa (LÉVEILLÉ, 1835)
Lower Carboniferous: Tournaisian and Viséan
Figure 1. Internal mould of ventral valve, KB.36b, deformed, right lateral margin broken, ×2.
(blackschist–calcschist interbeds).
Figure 2. Internal mould of ventral valve, dental plates and muscle scars, KB.236, ×2, (blackschist–calcschist interbeds).
Figure 3. Posterior view of the ventral valve internal mould, KB.188a, ×3 (blackschist–calcschist).
Figure 4–5. Incomplete ventral-dorsal internal mould of the conjoined valves, KB.140, flattened, spiralia traces, ×3. 		
(purple bryozoan schist, blackschist–calkschist).
Figure 6–7. Incomplete ventral-dorsal internal mould of the conjoined valves, KB.141, flattened, left antero-lateral
margin broken, partial flanges in anterior margin, ×3 (blackschist–calcschist).
Figure 8–9. Incomplete ventral–dorsal internal mould of the conjoined valves, KB.142, flattened, right lateral margin
broken, ×3 (blackschist–calcschist).
Cleiothyridina cf. fimbriata (PHILLIPS, 1836)
Lower Carboniferous: Viséan
Figure 10–10a. Dorsal exterior view of the conjoined valves, embedded in the rock, KB.36d, small foramen,
fine concentric lamella, weak radial spinose frills, ×3 (10: natural; 10a: ammonium coated).
Figure 11. External ventral valve, KB.237, dense concentric growth lamella, radial frill traces;
(Cyathaxonia cornu (MICHELIN, 1846)) (Rugosa coral: KC.238); Paragriffithides sp. (Trilobite: pygidium: 		
KT.240), ×3, (blackschist–calcschist). (see text figure 11)
Ambocoelia umbonata (CONRAD, 1842)
Middle Devonian: (?Eifelian)–Givetian.
Figure 12. Internal mould of ventral valve, KB.133b, depressed, narrow sulcus, ×3.
Figure 13. Lateral view, the internal mould of ventral valve, KB.143, beak, narrow sulcus, ×3.
Figure 14. Exterior ventral valve, KB.31b, subacute extremity, narrow sulcus, ×3.
Figure 15. Exterior ventral valve, KB.144, depressed, concentric growth lines, ×3.
Figure 16. Lateral view of ventral valve, KB.193, left flank depressed, beak, sulcus, ×3.
Figure 17. Internal mould of ventral valve KB.145, depressed, incomplete, ×3.
Figure 18. Internal mould of ventral valve KB.186a, laterally depressed, elongated, narrow sulcus, ×3.
Figure 19–19a. External ventral valve, KB. 61d, incomplete, depressed, subacute extremity, narrow sulcus, ×3,
(19: natural; 19a: ammonium coated).
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Eleutherocomma cf. robatense BRICE, 1971
Middle Devonian: Eifelian–Givetian
Figure 1–1a. Dorsal view of the internal mould of the decorticated conjoined valves, KB.29, cardinal extremities
broken, fold damaged, delthirium visible, ×3, (1: natural; 1a: ammonium coated).
Figure 2. Fragmentary external mould of the ventral valve, KB.70b, cardinal extremities,
left posterior margin broken, ×3.
Figure 3. External mould of ventral valve, anterior margin, cardinal extremities broken, KB.56, ×3.
Mucrospirifer mucronatus (CONRAD, 1841)
Middle Devnian: Eifelian–Givetian
Figure 4–4a. External view of the ventral valve, anterior margin, extremities partly broken, KB.54, ×3.
(4: natural; 4a: ammonium coated).
Syringothyris sp.
Upp. Devon.–Low. Carbon.: Upper Famennian–Tournaisian
Figure 5. Incomplete external ventral valve, decorticated, depressed, KB.156, anterior and lateral margins broken, ×2.5.
Cyrtospirifer verneuili (MURCHISON, 1840)
Upper Devonian: Frasnian
Figure 6. Internal mould of ventral valve, KB.154, divergent dental plates, sulcus, radial costae, ×3.
Figure 7. Incomplete internal mould of ventral valve, KB.155, divergent dental plates, ×2.
Cryptonella cf. rectirostra (HALL, 1860)
Middle Devonian: Eifelian–Givetian.
Figure 8–8a. Internal mould of ventral valve, KB.34, slightly deformed, beak, dental plates, muscle scars, ×3.
(8: natural; 8a: ammonium coated).
Figure 9. Internal mould of ventral valve, KB.36a, beak, muscle scars, left antero-lateral margin broken, ×3.
Figure 10. Internal mould of ventral valve, KB.61a, weathered, damaged, ×3.
Figure 11. Internal mould of the decorticated conjoined valves (lateral view), KB.58a, beak, muscle scars, ×3.
Schuchertella sp.
Upper Devonian
Figure 12–12a. Exterior dorsal valve, KB.43c, deformed, radial ribs on shell, ×3.
(12: natural; 12a: ammonium coated).
Reeftonella aff. neozelanica (ALLAN, 1935)
Low. Devon.–Mid. Devon.: Emsian–Eifelian
Figure 13. Internal mould of the ventral valve, KB.49a, right flank broken, beak, dental plates, median septum, ×3.
Figure 14–14a. Incomplete internal mould of the dorsal valve, KB.49, anterior half-broken, muscle scars, ×3,
(14: natural; 14a: ammonium coated).
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